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PREFACE 




W 


The Loveland Instrument Division Nano Processor is a control oriented device designed 
for instrument applications. The Nano Processor is not arithmetic oriented. The motiva¬ 
tion for such a design was three fold. First, it was felt that ASM designs were too limiting; 
second, "off-the-shelf” microprocessors had too many “real time” limitations; and 
finally, there was a need for a common building block among LID designs. Thus the two 
major objectives for the Nano Processor were the design of a general purpose LSI device 
optimized for instrument control and to provide a software method of implementing 
complex control algorithms. 

Some of the key features of the Nano Processor are an internal data base of sixteen 
8-bit registers, seven direct control 1/0 lines, fixed time high speed instructions, high 
speed vectored interrupt, and bit oriented control instructions. The Nano Processor can 
operate at speeds up to 500 nanoseconds per any of its 42 instructions, while dissipating 
less than one watt from a ceramic 40 pin package. The factory cost of this device is less 
than $20 or less than $27 with an ALU. 


*7 * 






- 




o 


5*1 

<>() 

•>' 'it'.- 'it" li't' . .. 

I ' 



_Krninin 





TABLE OF CONTENTS 


Page 


I. INTRODUCTION. I 

II. HARDWARE STRUCTURE. I 

III. PROCESSOR TIMING. 

IV. PROGRAM ADDRESSING. 

V. NANO PROCESSOR INSTRUCTION SET. 

VI. INTERFACING THE NANO PROCESSOR. 14 



APPENDICES 

A. SPEC. SHEET 

B. ROM-RAM SIMULATOR 

C. NANO PROCESSOR DESIGN EXAMPLES 

D. SOFTWARE 

E. GENERAL INFORMATION 


in oo o> 









I. INTRODUCTION. 


The -lip- Nano Processor (NP) is a single chip, N-channel MOS. 8 hit parallel, control 
oriented central processing unit designed by the Loveland Instrument Division for 
internal control and interfacing of instruments. 

The NP coupled with a program ROM forms the minimum nano processor control 
computer. The NP can directly address up to 204S 8-bit bytes of program memory, and 
with simple block switching techniques, up to 512 K of 8-bit bytes. 

All instructions and data are transferred in and out of the NP with the bidirectional 8-bit 
parallel data bus (D0 through D7). 

The NP allows data transfers with up to 15 input and 15 output ports addressed by a 
4-bit device select code and an I/O read/write control line. 

The normal program may be interrupted by use of the interrupt request control line. This 
interrupt is a fully vectored interrupt with 256 possible vectors. 

The NP can control external circuits and check their status through the use of the 7 direct 
control lines (DC0 through DC7). 

All inputs and outputs are TTL compatible. Each output will sink one standard power 
TTL load. Each input has an internal pull-up device. 

The NP instruction set numbers 42 including data transfers, bit manipulation, magnitude 
comparisons, jump, and jump to subroutine. 

II. HARDWARE STRUCTURE. 

The NP contains: 

A. One 8-Bit Accumulator (ACC) 

B. One Control Logic Unit (CLU) 

C. One 1-Bit Extend Register (E) 

D. Sixteen 8-Bit Storage Registers (R0 - R17) 

E. One 8-Bit Magnitude Comparator (CMP) 

F. Seven Bidirection Direct Control I/O Lines (DC0 - 6) 

G. One 11-Bit Program Counter (PC) 

H*. One 11-Bit Subroutine Return Register (SRR) 

I. One 11-Bit Interrupt Return Register (IRR) 
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Accumulator. 


The 8-bii accumulator may be loaded from or output to the 8-bit data bus. 

Control Logic Unit 

The CLU is the heart of the NP. It provides the following functions: 

1. Test, set or clear any bit of the accumulator or the extend register. 

2. Set or clear any of the command flip-flops. 

3. Test any of the flag inputs. 

4. Clear the accumulator. 

5. Increment or decrement the accumulator in binary. 

6. Increment or decrement the accumulator in decimal. 

(Note: Two Binary Coded Decimal (BCD) digits are assumed and the output 
is two BCD digits and overflow (carry.) 

7. Complement accumulator (1 ’s complement) 

Extend Register. 

The 1-bit extend register is used to indicate overflow (carry) from or underflow (borrow) 
to the accumulator, or it may be used as an internal flag. 

Storage Registers. 

The sixteen 8-bit storage registers are for general data use. They may be recalled to the 
accumulator. They may be loaded from the accumulator or directly from the program 
ROM. R0 may be used for comparisons and indexing. 

Magnitude Comparator. 

The magnitude comparator compares the 8 bits of the accumulator to the 8 bits of the 
RQ for greater than, less than or equal to. 

Direct Control I/O Lines. 

The direct control I/O lines are 7 lines (DC0 - DC6) that may be used for output with set 
and clear functions on their controlling flip-flops. The status of the output may be 
directly tested as inputs for feedback flags. 

• 

Program Counter. 

The 11-bit program counter provides direct addressing of the control program up to 2048 
bytes. 

Subroutine Stack Register. 

The 11-bit subroutine stack register provides for a single level of subroutining within the 
control program. 

Interrupt Stack Register. 

The 11-bit interrupt stack register provides for a single level of interruption. 
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III. PROCESSOR TIMING. 


The NP is designed with a quasi static structure. The clock may be stopped in the low 
stale with no loss of data. 


The maximum clock rate is 4 MHz for the fast (A series) chips. All instructions are exe¬ 
cuted in two clock periods or 500 ns with this clock rate. 

To obtain a 500 ns cycle time the program ROM must have < 85 ns access from address 
to output and < 65 ns access from output enable to output. (A list of possible ROM’s to 
be used with the NP is liated in Appendix A.) 
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IV. PROGRAM ADDRESSING. 


For ease of discussion ihc program address (I I bits) will be looked at as a 3-bit page 
number (PA l(J PA 8) and an 8-bit page offset (PA 7 - PA (J). 

In all instruction except jump and skip instructions, the program address is incremented. 
It is incremented once in one byte instructions and twice in two byte instructions. 

In a JUMP (JMP) or JUMP TO SUBROUTINE (JSB) instruction, the page number from 
the first byte and the page offset from the second byte of the instruction arc loaded into 
the program counter during the execute phase. 

In the JUMP INDIRECT INDEXED (JAI) and the JUMP INDIRECT INDEXED TO 
SUBROUTINE (JAS) instructions, the page number is formed the same as an indexed 
register address (but only the bottom 3 bits are used) and the page offset is taken from 
the accumulator. 


CAUTIONS: 

These two instructions allow great addressing power but they also have great 
dangers. 

1. Due to the indexing structure, a JAI instruction executed with 
R03 set will be executed as a JAS instruction. 

2. Due to the subroutine return address storage system, the byte 
after a JAS instruction will not be executed upon return from the 
subroutine. 

3. Remember that this is an OR FUNCTION not an ARITHMETIC 
ADD. 


All branching in the NP is done with the skip instructions. The skip instruction causes 
two bytes of program to be skipped if the condition being tested is true. 


Example: 

Program Instruction 

Address 

After the skip instruction N SBS 3 Skip if accumulator bit 

3 is set. 

This instruction is executed -* N + 1 JMP EXIT (Jump instructions 

require two bytes.) 

if Bit 3 is zero N + 2 

This instruction is executed -*• N + 3 
if Bit 3 is Set 


CBN 3 Clear accumulator bit 3 









V. THE NANO PROCESSOR INSTRUCTION SET. 


The NP instruction set is divided into groups: 

1. Accumulator group 

2. Register transfer group 

3. Input/output group 

4. Comparator group 

5. Program control group 


Instruction Listing Format 


SBS 

Instruction 

Mnemonic 


N 

Operand(s) 


Operation Operand 

Code Code 


Register Addressing. 

The sixteen internal 8-bit registers may be directly addressed with LOAD (LDA), STORE 
(STA) and STORE ROM DATA (STR) instructions or indexed address may be used with 
LOAD INDEXED (LDI) and STORE INDEXED (STI). 

The effective indexed address is the “or” function of the bottom (I 0 — 4)4 bits of the 
instruction with the bottom 4 bits of R0(R(}0 — R03). 

Example: 

I 0 - 4 1001 

R00 - R03 0101 

Effective Register 1101 

Address 

Note: This is an "or" function instead of an add, therefore, no cany takes place. 


***Note: Since R0 is used as the index, caution should be used so that Rf is 
not the effective destination of a Store instruction. *** 





V-A. ACCUMULATOR GROUP. 


SBS N 


0 0 0 1 0 N 


Skip on accumulator bit rrN Set (1) 


SBZ N 

Skip on accumulator bit nN zero (0) 

0 0 110 N 

SBN N 

Set accumulator bit 

0 0 1 0 0 N 

CBN N 

Clear accumulator bit -#N 

10 10 0 N 

IN8 

Increment accumulator as an 8-bit binary number. 

The extend register is set if overflow occurs. 

3 0000000 

INO 

Increment accumulator as two BCD code decimal 
numbers ( ) ( ). 

Carry between digits is automatically handled. 

The extend register is set if overflow occurs. 

0 0 0 0 0 0 1 0 

DEB 

Decrement accumulator as an 8-bit binary number. 

The extend register is set if underflow occurs. 

0 0 0 0 0 0 0 1 

DED 

• 

0 0 0 0 0 0 1 1 


Decrement accumulator as two BCD coded decimal 
digits. 

Borrow between digits is automatically handled. 

The extend register is set if underflow occurs. 

- 

CLA 

- 

0 0 0 0 0 1 0 0 


Clear accumulator. 

Does not affect the extend register. 


CMA 

Complement accumulator 

The accumulator is treated as an 8-bit binary number 
and one's complement is performed. 

0 0 0 0 0 1 0 1 

LSA 

Left shift accumulator 

1-bit shift with zero (0) fill. 

Does not affect extend register. 

0 0 0 0 0 1 1 1 

RSA 

’ 

0 0 0 0 0 1 1 0 


Right shift accumulator 

1-bit shift with zero ( 0 ) fill. 

Does not affect extend register. 


SES 

Skip on extend register set (1). 

0 0 0 1 1 1 1 1 

SEZ 

Skip on extend register Zero (01. 

0 0 111111 

LOR 

ROM Date. 

Load accumulator with ROM data. 

(ROM data is the second byte of this instruction) 

110 0 1111 





V-B. REGISTER TRANSFER GROUP. 


LDA R 

Load accumulator with data from register #R. 

STA R 

Store accumulator at register #R. 

LDI Z 

Load accumulator with data from register addressed 
by (Z)v(ROI. (See description of indexing.) 

STI Z 

Store accumulator at register addressed by (z) v (R8). 

STR R, 

ROM Data. 

Store ROM data at register #R. 

ROM data is the second byte of this instruction. 

/ 

•> 

V-C. EXTEND REGISTER GROUP. 

STE 

Set extend register. 

CLE 

Clear extend register. 

V —D. INTERRUPT GROUP. 

DSI 

Disable the interrupt. 

ENI 


0 1 1 0 R 

0 111 R 

1 1 1 0 Z 

1 1 1 1 Z 

1 1 0 1 R 
ROM Data 

10 110 10 0 

10 110 10 1 

10 10 1111 

0 0 10 1111 


Enable the interrupt. 





V - E. COMPARATOR GROUP. 


AJI comparisons arc mauc based on R0 and lire accumulator containing 8-bit unsigned 
binary numbers. 


SLT 

SEQ 

SAZ 

SLE 

SGE 

SNE 

SAN 

SGT 

M 


Skip on accumulator less than RO. 


Skip on accumulator equal to R0. 


Skip on accumulator equal to zero (0). 


Skip on accumulator less than or equal to R0. 


Skip on accumulator greater than or equal to R0. 


Skip on accumulator not equal to R0. 


Skip on accumulator not equal to zero (0). 


Skip on accumulator greater than R0. 


0 0 0 0 1 0 0 1 

0 0 0 0 1 0 1 0 

0 0 0 0 1 0 1 1 

0 0 0 0 1 1 0 0 

0 0 0 0 1 1 0 1 

0 0 0 0 1 1 1 0 

0 0 0 0 1 1 1 1 

0 0 0 0 1 0 0 0 


V-F. INPUT/OUTPUT GROUP. 

INA OS 

Input data from device -#OS to accumulator. 

OTA DS 

Output accumulator data to device #DS. 

OTR DS. ROM DATA 

ROM Data. 

Output ROM data to device #DS 

ROM data is the second byte of this instruction. 

STCK 

Set direct control. 

Bit#C 

CLC K 

I 

Clear direct control. 

Bit 

SFS J | 

Skip on direct control. 

Flag r&J Set <11. 

SFZ J 

Skip on direct control flag #1 zero (01. 

i - » 


0 10 0 DS 

0 10 1 DS 

110 0 DS 
ROM DATA 

0 0 10 1 K 

10 10 1 K 

0 0 0 1 1 J 

0 0 111 J 







RTI 


1 0 0 1 0 0 0 0 


Return (rom interrupt. 

An uncondition.il lump to the location stored in the 
interrupt stack register is performed. 

The interrupt control bit is nol affected. 


RTE 10110001 

Return from interrupt and enable interrupt. 

Same as RTI instruction except that the interrupt 
control bit is><.7 allowing future interrupt. 

NOP 01011111 

NO Operation. 

JAI 1 0 0 1 0 Z 

Jump indirect (through accumulator) indexed. 

The page number is the indexed value (Z) v (R0). 

The page offset is the accumulator. 

An uncondition jump to the address formed from the 
page number and page offset. 

JAS 1 0 0 1 1 Z 

Jump indirect (through accumulator) indexed to 
subroutine. 

Same as JAI with the addition that the location of the 
JAS instruction Plus 2 is stored in the subroutine stack 
register. 


CAUTIONS: 

These two instructions allow great addressing power but they also have great 
dangers. 

1. Due to the indexing structure, a JAI instruction executed with 
R03 set will be executed as a JAS instruction. 

2. Due to the subroutine return address storage system, the byte 
after a JAS instruction will not be executed upon return from the 
subroutine. 
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V - G. PROGRAM CONTROL GROUP. 


Page Number 

JMP ADDRESS 1 0 0 0 0 

Page Offset 

The address is broken into two section page number 
and page offset. 

The first byte contains operation code and page 
number. 

The second byte contains the page offset. 

An unconditional jump to the address is performed. 

Page Number 

JSB ADDRESS 1 0 0 0 1 

Page Offset 

(See jump for address format) 

An unconditional jump to the address is performed 
and the address of the next ROM location after the 
page offset is stored in the subroutine stack register. 

Note: Since the subroutine stack register is a s'ngle 
level deep, subroutines cannot be nested. 

RTS 10111000 

t 

Return from subroutine. 

An unconditional jump to the location stored in the 
subroutine stack register is performed. 

The location of the RTS instruction Plus 2 is stored in 
the subroutine stack register, thus co-routine linkages 
may be performed. 


RSE 


A 


10 1110 0 1 

Return from subroutine and enable interrupt. 

Same as RTS instruction except that the interrupt 
control bit is set allowing future interrupt. 


VI . INTERFACING THE NANOPROCESSOR. 

The interface of the NP is divided into five sections: 

1. Program Access 

2. I/O Port 

3. Direct Control Lines 

4. Interrupt System 

5. Power Supplies and Clock 

Program Access. 

I 

The NP accesses its program through the use of the 11 program address lines (PA0 - 10) 
and the program and gate line. 

When the program gale is high the program source should supply the program data 
referenced by the program address onto the data bus. 
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The NP can addiess up lo 1(> input and 15 output data ports through the use of its device 
select and I/O RcadAVrite lines. 

The external devices may be numbered 0 through 17 in octal. OTA 17 is used as the NOP 
instruction. 


Direct Control Lines. 

The seven bidirectional direct control lines may be used in one of four modes for each 
line. 

1. As a dc static output line with set/clear program control. 

2. As an input flag (internal flip-flop must be set - this is the turn-on condition) 
with direct testing by the program. 

3. As a bidirectional control line. 

Example: 

Tire NP puts DC Line 2 low to signal an external device to start and the 
external device holds the line low until finished. Thus, the NP (after 
setting dc lines again) can determine the end of the external devices 
cycle. 

4. As an internal program flag with set/clear and direct testing by the program. 

Interrupt System. 

The NP’s interrupt system is controlled by three lines: Interrupt Request, Interrupt 
Acknowledge, and Interrupt Enable. 

During the execute phase of every instruction (except an interrupt disable — clear control 
#7) the status of the interrupt request line is checked. If that line is low, an interrupt 
phase will follow regardless of the state of the interrupt enable. The interrupt phase is 
indicated by the interrupt acknowledge line going high. Daisy chaining of the interrupt 
acknowledge line can be used for interrupt priority. 

During the interrupt phase the interrupt enable is automatically turned off; the vector 
address is input and the return address is stored in the interrupt stack register. 

The interrupt request line input is always active. The interrupt enable output may be used 
externally to gate this input if interrupt enable/disable capability is required. See Inter¬ 
rupt System Timing. 


Power Supply And Clock. 

Three power supplies are required by the NP: + 12 or + 9 volts and + 5 volts for the main 
logic and - 2 to - 5 volts for backgate bias. 

The clock input is (as all inputs are) TTL compatible. That is, no external pullup resistors 
are normally required. (But see “Data Bus Application flints" for special cases.) It should 
be noted that to provide a fast clock edge, the internal clock is pulled up with a current 
of approximately 3 mA. 

Power supplies must turn on as shown in the Nano Processor Turn-On Valid Start-Up 
Sequence Diagram. 
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1. All outputs can sink 1.6ma at 0.6 volts or less. 

2. Inputs have own pull-ups and may require up to 1.6ma to be 
sinked when input low is 0.4 volts. See MCLK for an exception. 

3. MCLK may require up to 3.0ma to be sinked when low (0.4 volts) 

and external ckt may have to provide a pull-up capability to 

5.0 volts for high speed operation. 

4. Data bus speed vs. capacitance must be created in accordance 
with data bus application hints. 

5. It is preferred that other outputs drive less than 20pF for 
max. speed; however, 30pF is usually acceptable. 

. All input levels must equal or exceed 4.0 volts bilevel and 
£ 0.4 volts low levels. 

7. Turn-on must be in accordance with "Turn-on Methods". 

8. TEA = CLK off - TIP - TPGH; TAA = CLKT - TIP - TPA2. 

9. TVA = CLKT - TIAH - TVI. 

10. Max. pulse r.t. 50nsec. up to 4.0V; Max. pulse f.t. lOOnsec. 
down to 0.8V. 

11. Pulse ht. = 5V; approx, rise & fall times lOnsec. (test). 

12. At VGG = 12.0 vo1ts. 

13. At VDD = 5.0 volts. 

14. Min. & max. delay times from Interrupt Request Input till 
fetch phase of first instruction (vector has already been 
serviced) is: min. = TIV + CLK PW + CLKT and max. =TIV + 

CLK PW + 3 CLKT. 
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ROM-RAM SIMULATOR 


NOTE 

DUE TO THE COMPLETION OF THE NANO PROCESSOR 
PROJECT, LID WILL NO LONGER SUPPORT OR PROVIDE 
ADDITIONAL INFORMATION ON THE ROM-RAM SIMULATOR 
AFTER JAN. I, 1976. 



ROM - RAM SIMULATOR 


ROM - RAM Simulator is a block of memory that simulates 
a ROM. A block diagram of the ROM - RAM is provided* 

As the block diagram indicates ROM -RAM can 
be addressed in three ways: 

1 . Through address switches 

2. By an HPIB connector and 

t 

3. By a processor 

The contents of each memory location can be 
entered in two ways: 

1. By the contents switches 

2. Through the HPIB Connector 

The following is a brief description of the 
above options. 

SWITCHES 

Set the I/O Selector on "SW". Set the address 
swithces to desired address location. The 
designated location and the contents of that 
location will be shown on the displays. If 
change of contents is desired, set the contents 
switches to the new contents and press the ’'WRITE” 
button. The new contents will be displayed on 
the contents display. 
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OUTPUT 


To output the contents of the memory to other devices 
such r.s a processor, set the I/O Selector on "OUT" 
Provide a 10 bit high true signal on the edge 
connectors PAO through PA9 address lines. 

A high enable signal will cause the ROM-RAM to output 
the contents of the addressed location on the output 
bus. 

HPIB CONNECTOR 

ROM - RAM Simulator is HPIB compatable, that is: 
the address and contents can be given to the 

•» 

ROM -RAM Simulator through the HPIB. Normally 
the listen address is set to "3", however; this 
can be changed to "2" by changing the jumper 
wire on the board. The fpllowing is an example 
program for writing in the ROM - RAM Simulator 
from a 9830 calculator. 

10 CMD"?U3" 

20 WRITE (13,30) A,B,C; 

30 Format 3B 

A is the two most significant bits of the address. 

B is the eight least significant bits of the address. 
C is the contents. 

A, B, and C are the decimal equivalant of the binary code. 



Example: 


Utilizing a 9830 calculator, the following program 
could be used to write individual codes on the 
ROM - RAM Simulator. 

10 DISP "ENTER ADDRESS"; 

20 INPUT I 

30 DISP "ENTER CONTENTS"; 

40 INPUT C 

50 A = BIAND (ROT (I,8),3) 

60 B = BIAND (I, 255) 

70 CMD "?U3" 

80 WRITE (13,90)A,B,C; 

90 FORMAT 3B 































































































ROM-RAM SIMULATOR COMPONENTS 


IC a 

ULSCTR1PT I ON 

HP PART NO 

1-S 

2102 INTEL RAM 

1820-1078 

9-1 5 

'4153 4-1 MULTIPLEXER 

1820-0620 

14,15 

74157 2-1 MULTIPLEXER 

1820-0839 

16,17 

74175 HEX D, FF 

1820-0839 

18 

7474 D-FF 

1S26-0077 

19 

• 74107 J-K FF 

1820-0281 

20,21 

7474 D-FF 

1826-0077 

7 

lm £m 

74155 2-4 DECODER 

1820-0738 

23-25 

7404 HEX INVERTOR 

1820-0174 

26,27 

7430 8INPUT NAND 

1820-0070 

28 

7438 O.C. 21 NAND 

1820-0621 

29 

7400 21 NAND 

1820-0054 

30 

7413 

1820-0537 

31 

7410 3 INPUT NAND 

1820-0068 

3 2 

7400 21 NAND 

1820-0054 

53,34 

7408 21 AND 

1820-0511 

35,36 

7438 O.C. 21 NAND 

1820-0621 

57,38 

7404 HEX INV 

1820-0174 


I/O SW 

DPDT SWITCH 

7203 

3101-0939 

ADD 

SPDT SWITCH 

3101-1258 

CONT. SW 

7101 


WRITE SW 

SPST PUSH BUTTON 

3101-0063 

c 8 

47 UF CAPACITOR 

0180-0097 

c 2 -c 7 

.47 UF CAPACITOR 

0160-0174 


RESITOR-PACK 

1810-0136 

R i ; 

330 fi RESISTOR 

0683-3315 

R 2 -R 4 

IK RESISTORS 

0683-1025 


7300 LED DISPLAY 

5082- 7300 


24 PIN ASCII CONNECTOR 

1251-3283 

Cl 

.01 UF CAPACITOR 

0150-0093 
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AN ARITHMETIC CAPABILITY FOR THE NANO PROCESSOR. 


By using 4 or 5 I/O purls and minimum external hardware, the capacity of the Nano 
Processor for data manipulation and storage is greatly increased. Choose a RAM size 
(minimum one word) and an ALU capability to suit your needs. 



Let 

ADDR be the select code of the Address Storage Latch. 

DATA be the select code of the Data Storage. 

ALU be the select code of the Arithmetic Unit. 

FN be the select code of the Function Storage. 


and 

RAM 

be the WRITE ENABLE line of the RAM. 

OTA 

ADDR 


‘ADDRESSES RAM LOCATION A 

OTA 

DATA 


‘Lets A be one argument of the Arith/Logrc Unit 

OTR 

FN. ”+” 


‘Selects function ”+” for the ALU 

INA 

ALU 


‘Puts the result in A 

‘Maybe it also puts the result in DATA 

OTA 

RAM 


♦Puts DATA in RAM Location (ADDR) 





PROGRAM 

ADDRESS 


FUNCTIOJNI 

STORAGE 


WRITE 

ENABLE 


ADDRESS 


DATA DATA 
IN OUT 


ADDRESS 

STORAGE 


OTHER 
I/O PORTS 


DATA 

BUS 


PROGRAM 

STORAGE 













NANO PROCESSOR 
BLOCK SWITCHING (I) 








I/O PART 
PULSE(L) 


Use one quad tristate latch for 16K memory. 

The new block may be set at any time. 

No need to disable interrupts. 

A10 is used as the "current block" indicator. A10 = 
Subroutines may be in block H or current block. 

Return is to current block. 

Interrrups are t'o block H. Return is to current block 
Blocks are 1024 words each. 


NANO PROCESSOR 
BLOCK SWITCHING (II) 


















THIS APPENDIX CONTAINS INFORMATION 
ON THE USE OF THE NANO PROCESSOR 
EDITOR. ASSEMBLER. AND LOADER FOR 
A 9830A CALCULATOR. ALSO THE 
ASSEMBLER AND LOADER FOR A 2100 DOS 
III SYSTEM FOR THE NANO PROCESSOR 
IS COVERED. TO OBTAIN THESE 
PROGRAMS SEE GENERAL INFORMATION 
IN APPENDIX E. 
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The following is a documentation of the 

NANO PROCESSOR SOFTWARE 


For further information/ recommendations/ or 

IN CASE OF DIFFICULTY PLEASE CONTACT KAMRAN 
FIROOZ AT 

303-667-5000 Ext. 2873 


0ctober/197A 
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NANO PROCESSOR EDITOR 
A NEW EDITOR FOR THE 9830 CALCULATORS 

PURPOSE: To generate or edit a source program on the 

9830 calculators. 

ROM REQUIREMENTS: ADVANCE PROG. #11279B, 

STRING VARIABLE #11274B 

MEMORY REQUIREMENTS: 8K 

OBJECTIVE: At the present time the programs stored on 
the cassette tapes of the 9830 calculators 
cannot be accessed by any program as a data 
file. In many applications it is quite 
desirable to be able to edit a program in 
whatever programming language desired, and 
store the generated source program as a 
data file on the cassette tapes. These 
programs can then be ' called in " by an 
assembler or a similar processor to be 
assembled. 

The primary objective of this editor is to 
generate source programs for the Nano Pro¬ 
cessor Assembler; however, the program is 
versatile enough so that it can produce source 
program for other Micro Processor Assemblers 
as well. 


Kamran Firooz 
August 1974 
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SYNTAX: 


* 


The editor operates in two separate modes 
"FILE EDIT" and "LINE EDIT”. The FILE EDIT" 
is used to edit the entire file; 
the "LINE EDIT” is used to edit individual lines. 


The commands shown on the lower portion of 
the "SPECIAL FUNCTION CARD” are executed during 
the "FILE EDIT" mode, and the commands shown 
on the upper portion are executed durinj the 
"LINE EDIT" mode. All of the commands shown 
on the card are immediately executable. The 
shift key is not needed to execute any of the 
commands in either mode. 

A maximum of 140 lines can be edited on each 
file. The program will notify the user if 
this limit is exceeded. The maximum length 
of each line is 32 characters. Any character 
past this limit will be ignored. a "/" is used 
to designate the physical end of a line. If 
"/" is not found in each line, the editor will 
insert a "/" in the 32nd character. For a 
more efficient use of line length, a is 
used as the "PSEUDO-END of LINE" character. 

This character will be recognized by the 
Nano Processor Assembler. 

CLA / 

TAG STA 12 / 

JMP FAST / 

is equivalent to: 

CLA :TAG STA 12 : JMP FAST / 






i 






The physical file length is determined by 
the "EOF" statement. If such a statement 
is not found, the file length is taken as 
1401ines. 

The LOAD and STORE commands require a cassette 
file length of at least 2240 words. 

After each command is entered, any negative 
number that is typed will cause the program to 
go back to the "FILE EDIT"mode without executing 
the requested command. 



LIST OF COMMANDS OF "FILE EDIT" MODE 


INPUT: 

STORE: 

LOAD: 

DELETE: 

INSERT: 

XREF: 

LIST: 

LIST N, : 
LIST N,,N 2 
LINE EDIT: 


To generate a new file or replace certain 
lines of a previously generated program. 

"EXIT" command will terminate the INPUT 
command. 

To store the generated source program in 
a desired file on cassette tapes. 

To load a previously stored program into 
the editor. 

To delete line no. Nj to N 2 of the generated 
program. 

To insert N lines after line N ^ of the gener¬ 
ated program. 

To list a cross reference table of a character 
string. 

To list the entire program. 

To list line no. Ni to the end of the program. 
:To list line no. Nj to N 2 of the program. 

To edit an individual line. 


HELP: 


To help the user with the different commands 
and their syntax. 
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LISTP; 


LABEL: 


CHANGE: 


LISTP N,; LISTP N! , N 2 : To perform the same 

function as LIST; LIST N t ; and LIST Ni, N 2 , 
except that all the statements separated 
by the "PSEUDO-END OF LINE" character (:) 
will be listed on seperate lines. 

To list all of the labels used throughout the 
source program. 

To change a character string throughout the 
source program. 


NOTE 1: The line numbers are only generated 

during the print period; they are not 
stored with the program. 

NOTE 2: To delete or list a single line set 
N, = N 2 . 

NOTE 3: The total length of the file will be printed 
after each LIST or LISTP command. 

NOTE 4: If as a result of an unacceptable command 
such as wrong file length an error occurs 
which stops the calculator, the program 
can be restarted without losing the 
current file by "CONT 100". 
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FORWARD: 


BACK: 


INSERT: 


DELETE: 


+ 


EXIT: 


NO EDIT: 




J 


LIST OF COMMANDS OF "LINE EDIT" MODE 

* 

To move the visible pointer one character 
space to the right each time it is pressed. 

To move the visible pointer one character <f 

to the left each time it is pressed. 

To open up a character space immediately act 

the visible pointer. <£ 

To delete the character space where the visible 
pointer is located. 

To store the edited line and edit the next line. 

To store the edited line and edit the line immed¬ 
iately before the present line. ^ 

To store the edited line and return 

to the "FILE EDIT" mode. 

yj 

To return to the "FILE EDIT" mode. All of the 
changes on the edited line will be ignored. 


¥ 


J 


n 
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NOTE 5:To replace the strings followed by the visible 
pointer, just enter the new string. 

NOTE 6:If line one is being edited and command "t" 
is executed the program will return to the 
"FILE EDIT" mode. 

NOTE 7:The visible pointer cannot pass the end of 
line character (/). 

The following example is provided in an attemt to famil¬ 
iarize the user with some of the features of the Nano 
Processor Editor. All of the commands given by the user 
are underlined 

EXAMPLE: 

Load the editor program in the 9830 calculator and press 
RUN. EXECUTE. At the beginning of the execution the pro¬ 
gram loads the special function keys from the file 
following the editor program. Then the calculator will 
display 

"FILE EDIT?" 

Press INPUT 

"STARTING LINE?" 

1 


"ENTER LINE 1 ?" 
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Then the following program is typed in: 

* EXAMPLE PROGRAM/ 9 

*THIS PROGRAM READS A HUMMER IN/ 

•- BCD' AND CONVERTS IT TO BIN. -' 

* ✓ f 

/ 

START INR DS0 *INPUT THE BCD #/ 

•STA R5 sSTORE THE # IN R5/ % 

S"TB O»0 *CLEAR RO: LOOP LDA 5 .' 

SAN *SKIP IF ACC#0: JMP OUT/ 

DED ^DECREMENT IN BCD: STA 5 / • 

I OA 0 : 1NB * INCREMENT IN BIN./ 

STA 0: JMP LOOP:OUT LDA 0 / 

OTA DSl *OUTPUT THE BIN. #/ # 

JMP START *RERD ANOTHER NUMBER/ 

DoU OCT 0:R5 OCT 5: END: EOF/ 

9 

U 



After the last line is entered press 


EXIT 


"FILE EDIT?" 
LIST 


o 

4 


F.- .RI'IFl t F'ROijRRM ■ 

■ t 1 1 (s PfQGP HM READS R Hi iMBtR IH 
‘ BCD. HUH CONVERTS IT TO BIN. / 


-■ Hf| _j||fl Iis0 + IMpiJT THL BCD #/ 
<4I U5 * ; - ; TORE THE # ?N R5. 

!:, 'b t ;; i:lerf ' Rl?l: loop ldh 

-'i-iH *okIP IF HOC#0: .JHp out • 
■'ED 'DECREMENT IN BCD: STR 5 
! -I'C '•<: | mb + INCREMENT IN BIN ' 
T'-l O’ JMP [.OOP: GMT I DFl G. 

TO Pci ^OUTPUT THE BIN.V 
IMF APT 'PERU fiNGTHER NUMBER 
o in. i g:r 5 nr j r; BRn* r *fii- • 
TOTAL LINE NUMBER- 1.5 lUI 


10 
J1 
[ £• 
1* c 

14 

15 
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vj 

To list the lines separated by individually type: 

LISTP * 



1 * EXAMPLE' PROGRAM/ 

2 /THIS PROGRAM READS A NUMBER IN/ 

3 * BCD* AND CONVERTS IT TO BIN./ 

4 * 

5 * 

€ STAR I INA DSO /INPUT THE BCD #/ 

7 S A P5 /STORE THE # IN R5/ 

^ 8 JTR 0»0 /CLEAR RO 

LOOP LDA 5.- 

9 SAN /SKIP IF ACC40 

JAP OUT/ 

10 DED /DECREMENT IN BCD 

ST A 5/ 

11 LDA 0 

IMB /INCREMENT IN BIN.. 

1 2 ST A 0 

JMP LOOP 

OUT LDA 0/ 

13 OTA DS1 /OUTPUT THE BIN. #/ 

14 JMP START /READ ANOTHER NUMBER/ 

15 ICO OCT O 
R5 OCT 5 

END 

EOF/ 

total LINE NUMBER* 15 








© 
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Suppose it is desired to output the binary equivalent 
number to some other devices besides device (DSI). 
Then press 

INSERT 

"INSERT AFTER LINE?” 

11 

"HOW MANY LINES BE INSERTED?" 


1 


"ENTER LINE 14 ?" 

OTA 2/ 

"FILE EDIT?" 

Note that operand DSI used in line 13 is not defined. 
This definition could be achieved by inserting a new 
line or addition to one of the existing lines. 

LINE EDIT 

"WHICH LINE?" 

14 


"OTA 2 /" 



Press the "BACK" on Special Function Keys, the pointer will 
be pointing at; 


"OTA 2 / " 

Then type: 

DS1 OCT 1 / 

"OTA 2 :DS1 OCT 1 / " 


Since no further changes are required press 


EXIT 


"FILE EDIT?" 

To observe the changes type; 
LISTP 10, 15 


‘.T "* - ' -i - -H 


I -I- 'l - ► + + -t +■ | -1- (. Hj .£ .y. + ■(. ^ ^ j,. ,, , ^ 


I ' fiOF 


i. 4 4 4 4 , 


in 


1 1 
12 

13 

14 

lv> 

TOTAL 


lO • DECREMENT IN BCD 
-:ta 

I DA 0 

mb * increment in btn.^ 

BTA y 
• HIP LOOP 
OUT LBfl 0. 

OTA 11S1 *QUTPU i THE BIN. 4/ 
OTh 2 

TiSl OCT 3/ 


•HP START «PERB ANUTHEF - NUMBER ' 
LiHE MMrtBER= 16 


• «*- ♦ V 
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If no further changes are necessary and you wish to 
store the program on a cassette file press; 

STORE 

"STORE THE PROGRAM ON FILE?" 


1 

After the program is stored on the tape, calculator 
will print; 


•POGPliM lifts i or-EF OH FILE 


"FILE EDIT?" 

Note that if a negative number was entered as the file number, 
the editor wtiuld ignore the STCTE command and return to the 
"FILE EDIT?" mode. 

lo terminate program press; 


END 


J 




USER DEFINABLE KEY OVER LAYER 













NANO PROCESSOR ASSEMBLER 


SECTION I 

USER GUIDE TO THE NANO PROCESSOR ASSEMBLER 


PURPOSE: To assemble a source program for the 

NANO PROCESSOR using a 9830 calculator. 

MEMORY REQUIREMENTS: 8K 

ROM REQUIREMENTS: Advanced programming #11279B. 

String Variables 011274B, and Extended 
I/O #11272B 

SOFTWARE REQUIREMENTS: 

The Nanoprocessor EDITOR must be used to 
generate the source files. 


Kamran Firooz 
August, 1974 
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DHSCRIPTION: The Nano Processor Assembler is an 

absolute assembler designed to assemble source 
programs (generated by the Nano Processor l.ditor) 
stored on cassette tapes and to generate equivalent 
object code files. A loader program can then 
be used to load these binary files into a 
ROM-RAM Simulator, or a PROM. The assembling 
is performed in two passes. Pass one searches 
for user defined symbols, and pass two translates 
the mneumonic source program statements to their 
equivalent binary codes. 

These binary codes are stored in an array called 
object file. At the end of pass 2 the object 
file is stored on the cassette tape. The file 
number where this array will be stored is request¬ 
ed at the beginning of the program. 

The assembler program is written as a "conver¬ 
sational" program: that is, the different options 
of the assembler are asked at the beginning 
of the program. If the answer "Y" is not 
encountered the option will be voided. The 
following is a brief description of these 
options. 




# 






•j 


* 


, 


H, 




OPTION I "SYMBOL TABLE" 


OPTION 


For this option the calculator will ask: 

"PRINT THE SYMBOL TABLE?" 

If the reply is "Y" the symbol table will be 
printed 

2 "PROGRAM PRINTOUT" 

The second option provides a listing of the 
source program and its equivalent code. In 
regard to this option the calculator will ask; 
"PRINT THE PROGRAM?" 

If the answer is "Y" each line of the assembled 
program will be printed during pass two. 



PERMANENT SYMBOL TABLE: 


The permanent symbol table is an array consisting 
of all the op-codes and their binary equivalents. 
Permanent symbol table is stored on a file follow¬ 
ing the assembler file. At the beginning of execut¬ 
ion this file is loaded into the calculator. 

USER DEFINED TABLE: 

User difined table is an array that holds the 
numerical value or the address of the labels. 

During the pass 1 all the labels are stored in 
this array. At the end of pass 1 this array 
is sorted in alphabetical order. The alpha¬ 
betical arrangement of the labels make it pos¬ 
sible to perform algorithmic search instead of 
a linear search. During pass 2 everytime an 
alphabetical operand is found, the assembler 
performs a logarithmic search into the user 
defined table to find the value or the address 
of the operand. 

Maximum length of user defined table is 140 
labels. Exceeding this limit would cause an 
error which stops the program. 



Object file is an array that holds the binary 
codes of the assembled source program. At the end 
of pass II this file is stored on a cassette Tape. 
A loader program can then be used to load the 
object file to a ROM-RAM Simulator, or a ROM. 

Object file is a 1024X1 array. Each location of 
this file will hold the object code for that 
location. For example; location 16 will hold 
the code that must be stored on location 11 of 

OCT 

the ROM. (Due to the fact that array starts from 
1 and not 0. All locations are decremented 
by one by the "LOADER”) 

Since object file has only 1024 location, caution 
must be taken not to exceed location 1777 octal. 
For example; the code that mist be stored on 
location 2150 octal will be stored on location 150 
octal. (ll'th bit is truncated). 

At the beginning of the assembling all of the 
locations of the object file are initialized 
to During the assembling 

-| is over written by other codes, however the 
locations not used will remain as -| This feat¬ 
ure is used by the loader for "PATCH ASSEMBLING". 
For further information refer to "NANO PROCESSOR 
LOADER". 



PROCAM SOURCE FILES: 


Progam source files are cassette files that contain 
the source program. These files arc generated 
through the Nano Processor Editor. Up to 10 files 
can be assembled at one time. If more than one file 
is used, an EOF statement must designate the 
termination of each file. 

The maximum length of each file is 140 lines, and 
Each line is 32 character spaces wide. 

A "/" is used to designate the end of line, 

For example: 

LOOP LDA REG5 * LOAD ACC from R5 / 

For more efficient use of the source files, another 
character called the PSEUDO END OF LINE CHARACTER 

is used to tell the assembler that the state¬ 
ment has terminated and that more statements follow 
on the same physical line 
For example: 

CLA: LDA REG5 :BACK STA R16 / 

This line will occupy only one physical line of 
the program source file: However, it will be 
accepted as three individual lines by the assembler, 
i.e. This one physical line as far as the assembler 
is concerned is equivalent to the followint lines: 

CLA / 

LDA REG5 / 

BACK STA R16 / 



GENERAL FORMAT: 


Each line of the program consists of one or more 
separate fields. These fields are: Label, Opcode, 
Operand, and Comments. For the convenience of 
the user these fields are separated by one or 
more blank spaces. The following is a brief 
description of each one of these fields. 


LABEL: 


Label is a symbolic name that provides the ability 
to refer to the instruction or the value generated 
by the instruction, for example;in the instruction: 

START LDA REG17 / 

START is the label, and it holds the address of 
the location where this instruction is stored on 
the ROM. 

But in the instruction: 

REG17 OCT 17 / 

REG17 is a label that holds the numerical value 
assigned to it by the OCT instruction. 

The first letter of a label must be alphabetical, 
and the total length of the label cannot ixceed 
6 characters. If the first character of an in¬ 
struction is blank the assembler assumes that there 
is no label present. Repeated labels cause the ass¬ 
embler to print an error message. 



OPCODE: 


Opcodes are mnemonic 
the permanent symbol 
by the assembler and 
structions or Pseudo 


operation codes stored in 
table that are recognized 
translated as machine in¬ 
instructions. 


MACHINE INSTRUCTIONS: 

Machine instructions are those instructions that 
the Nano Processor can execute to perform a 
specific task. The assembler translates these 
instructions to their binary codes. 

There are three types of machine instructions: 

Type 1: 

Single byte instructions that are self- 
defined and do not require an operand. 




For example: 
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CLA 

* 

CLEAR ACC 

STE 

* 

Set extend register 

RTS 

* 

Return from Subroutine 

ENI 

* 

Enable the Intrupt 

INB 

* 

Increment the ACC in Binary 

SLE 

* 

Skip if ACC <■ to register 0 


Type 2: 


Single byte instructions that require 
an Operand. 

For example: 

SBS 5 * Skip if Bit 5 of the ACC is set 

CBN BIT4 * Clear BIT4 of the ACC 

INA DS5 * Input to ACC from Device 5 

Type 3: 


Double byte instructions that must 
be accompanied by an Operand - 


For example: 


OTR 2,DATA 
STR RE,FOUR 
JMP GOOD 
JSB ADD 


* Output ROM Data to Device 2 

* Store FOUR Into Register 5 

* Jump to Location GOOD 

* Jump to Subroutine ADD 



PSEUDO INSTRUCTION: 

Pseudo instructions performs two types of tasks. 
Type 1: 

They provide information to the assembler 
about the program being assembled, such 
as ORG, EOF, END 

Type 2: 

They allow the definition of constants, 
such as OCT, DEC, BCD. Obviously type 2 
of the Pseudo Instruction must be accom¬ 
panied by a label and an Operand, since 
it is assigning the numerical value of 
the Operand to the label. 

OPERAND: 

Some instructions require the designation of 
an Operand. This Operand could be a destination 
address in a JUMP instruction or the numerical 
value of a label in an assign instruction. There 
are three types of Operands, they are: 

Type 1 - NUMERICAL VALUE: 

This type of Operand is used in a type 
two instruction code, or in a Constant 
Define Pseudo-instruction. 

(Type 2 Pseudo instruction). 

^oTC. NLU 

k*b ocjtku 

PStODO \VviS.T^. 
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For example: 


EDA 5 
SFZ 4 

REG14 OCT 14 

JMP 377 
LDR 20 


* LOAD ACC FROM REGISTER 5 

* SKIP IF FLAG 4 IS ZERO 

* ASSIGN VALUE OF 14 TO THE 
LABEL REG14 

* JUMP TO LOCATION 377 

* LOAD ACC FROM ROM DATA 20 


This type cf Operand has to be numerical. If they are 
being used in a type two instruction they cannot 
exceed 7 or 17 (OCTAL), if they are being used in 
a constant instruction their octal value 

should not exceed 377. 

The following Operands are acceptable: 


CBN 5 


* 

CLEAR 

BIT 

5 OF ACC 

STA 16 


* 

STORE 

ACC 

IN REGISTER 16 

AA OCT 

167 

* 




BB DEC 

250 





CC BCD 

• 

89 






However the following Operands will cause error messages. 

SBN 20 SET BIT 20 OF ACC 

(Accumulator has only 8 bits.) 

SFS 14 SKIP IF FLAG 14 IS SET 


DD 

OCT 

19 

(There are only 8 flags.) 
(Unacceptable octal numbers.) 

EE 

DEC 

340 

(Exceed 377 octal.) 

EE 

BCD 

140 

(Exceed 377 octal.) 


Type 2 - SYMBOLIC ADDRESS OR SYMBOLIC VALUE: 


This type of Operand is used in jump and 
jump to subroutine instructions or in a 
type two opcode instruction. 



Example: 


JMP LOOP 
JSB ADDING 
JBN BIT4 
LDA RIZ 
STA R6 
JAI INDI 

This type of Operand follows the same Syntax rules 
as the label, that is; it must begin with an alpha¬ 
betical character and must be less than or equal to 
6 characters long. These Operands must be defined 
somewhere in the program as an address or a constant. 


Type 3 - SYMBOLIC OR NUMERICAL VALUE 

This type of Operand is a mixture of type 
1 and type 2 Operands, and it is used in 
type 3 instructions. 

For example: 


STR R4,FORTY 
STR 4,FORTY 
STR R4,4 0 
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As the above example indicate, this type of Operand 
consists of two separate fields. Hither one of these 
fields are separated from each other by a and 

there should be no blank space anywhere in the Operand 
Field. The symbolic portion of Operand follows the 
same rules as type one of the Operands. 

COMMENTS 

The comment field allose the user to transcribe 
comments on the list output produced by the assembler. 
The comments field must begin with an asterisk. 

This field could start at the beginning of a line 
such as: 

* THIS IS ONLY A COMMENT / 
or after a type one Opcode 

AGAIN CLE * CLEAR EXTEND REGISTER / 

Comments are ignored during pass one. 

If an * occurs at the beginning of a line, the 
entire line is assumed to be a comment. 




PSEUDO OPCODES: 

out;: 


EOF: 


END: 


OCT: 


DEC: 


ORG is a Pseudo Opcode that provides 
absolute program origin or starting 
address of a segment of a program. 

The operand of the ORG must be an 
octal number. If no ORG is encount¬ 
ered the assembler assumes the starting 
address to be zero. 

An EOF statement notifies the assembler 
that the physical end of file has reach¬ 
ed which causes the assembler to load 
the next source file. 

Terminates the source language program. 

Note that ORG, EOF, and END are not 
executable statements; therefore 
any jump or jump subroutine to these 
instructions would cause an error. 

OCT is a defining opcode that equates 
the numerical value of the operand to 
the label. Obviously the operand needs 
to be an octal number. 

DEC Pseudo Opcode is another defining 
statement that converts the numerical value 
of the operand to octal and equates the 
converted number to the label. 
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BCD: 


BCD is a pseudo opcode that converts 
the numerical value of the operand from 
BCD to octal equivalent. Each digit of 
the operand is taken as a 4 bit BCD 
number. 

For example in the following statement: 
TAG BCD 58 

The assembler separates the number 
38 to 3 and 8 as 0011 1000. 

This number is then converted to octal 
00 111 000 (070). Note that the operand 
cannot exceed two digits. 
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SECTION II 




A BRIEF DESCRIPTION OF THE ASSEMBLER PROGRAM 
AND A FLOW CHART FOR BOTH PASSES 




THE PROGRAM: NANO PROCESSOR ASSEMBLER program is written 

in the 9830 BASIC language. The source files 
are stored in an integer array and converted 
to string variable by the use of "TRANSFER" 
statement for assembling. The program consists 
of two passes, in pass one the assembler searches 
for labels and checks the syntax of opcodes. 

Labels or the addresses associated with 
them are stored in an array called "USER DEFINED 
TABLE". At the end of the pass one, this file 
is sorted in alphabetical order. This arrange¬ 
ment makes it possible to perform a logarithmic 
search for the labels rathsr than a linear search. 

In pass 2 the assembler converts all of the 
statements to their equivalent binary codes, 
and stores the converted codes in an array 
called "OBJECT FILE". At the end of the 
assembling, the "OBJECT FILE" will be stored 
on a cassette tape. 

The following pages include a simplified 
flowchart of both passes. 


* 


* 




t 


























F -Lmw CHART Of ?A11 JC 
W4as0 PRO ^ g t~£R 


\^AnRf)* R OD 7 
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EXAMPLES 


The following examples are given in an attempt to 
familiarize the user with the Nono Processor ASSEMBLER. 
EXAMPLE I 

The following program will add the contents of Register 5 
and Register 6 and store the result on Register 6. 

Source program was generated by the "NANO PROCESSOR EDITOR", 
and stored on file 2 of a cassette tape. 


PAGE ! 

•+*■*■*•» t+tit V*-** •****••*■ *?•**••* **4*# *•*•#**■*#****•**•** ■*#**#* •V + 4 •A * 4 * $ **.!.+*■ 

1 * NANO PROCESSOR ASSEMBLER / 

2 * EXAMPLE ONE 

3 *:■*:*■' 

4 * ADD THE CONTENTS OF REG. 5/ 

5 - TO THE CONTENTS OF REG. 6 / 

b - AND STORE THE RESULT IN REG.6/ 

7 * j 4 • #: * / 

0 LOOP LDA R5 *LOHD ACC FROM R5/ 

9 BED ^DECREMENT IN DECIMAL/ 

10 SAN *SKIP IF ACC #0/ 

11 JMP OUT: STA R5/ 

12 I DH Rb *L0AD ACC FROM R6/ 

1? IND *INCREMENT IN DECIMAL/ 

14 STA Rb *ST0RE ACC AT R6 / 

15 IMP LOOP:OUT LDA R6/ 

16 IND: STA Rb *R6 HAS THE RESULT/ 

17 R5 OCT 5 *R5 IS OCTAL 5/ 

io Rb OCT 6: END/ 

19 EOF/ 


TAL LINE NUMBER- T-* 


1 





Load the assembler into the 9830 and press RUN, FXECUTE. 

After the Permanent Symbol Table is loaded into the Calculator, 

Calculator will display; 


PRINT SYMBOL TABLE V 

Y 

PRINT THE PROGRAM ? 

Y 

STORE 1 HE OBJECT FILE ONFILE NO. ? 

3 

ibJWHflNY SOURCE FILES ? 

1 

FILE NO. ? 

2 

At this point sorce program stored on file 2 is loaded and the 
following pages are printed on the printer. 
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PFiGE 1 



♦3 r'MBOL TABLE * 

SYMBOL Hi) DRESS 




LOOP 0 

OUT 13 

R5 5 

P.6 6 


NUMBER OF tRRORS FOR PflS3 1= 0 



* 


m 



i 


• VRl.UE > 





I > NHNU PROCESSOR RSOENULEP 

* example out 

) : 


4 

rl II 1' 

1 HI" CONTENTS LiF hEE 

c 


C- 

J 

* TO 

1 HE CONTENTS OF REG. 

h 


6 

-y 

* RND 

STORE THE RESULT IN 

REG. 

6 

f 

*7 

• 

* 




f 

* 





0 

145 ROOF' 

LUfi 

R5 

•4 

t 

003 

BED 


10 

■j 

01? 

SRN 


i i 

J 

200 

JMP 

OUT 

11 

+ 

013 



11 

5 

165 

S f R 

R5 

12 

6 

146 

l hr 

R6 

1 3 

i 

002 

IND 


1 H 

0 

166 

STR 

R6 

IS 

< i 

20O 

JMP 

LOOP 

• J 

12 

000 



If. 

i 3 

146 OUT 

LDR 

R6 

16 

i4 

002 

I ND 


16 

If 

166 

STR 

R6 

1 7 


F:5 

OCT 

5 

l 3 


R6 

OCT 

6 




END 



PRSS 2= 0 


*1 11H D HCC FROM R5 
♦ DEi.PfcMEN I HI DEC IMAL 
•*31 IP IF RCCflO 


*LOhii Fill. FROM R6 
♦INCREMENT IN DECIHhI 
*STuPE ROC HT Rfc. 


*R6 HRS THE RE'Ml I [ 
*R5 13 OLTRL 5 


NUMBER OF ERRORS FOR 










) 


EXAMPLE II 

The following program examines 2 Direct Control 
lines (DC0 -DC!) and based on their conditions displays 
a different message on an external display. 

The editor listing and the assembler listings 
are provided in the following pages. 


) 
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PAGE 1 

I I 4 4 h- - v ^ -V •►H'+ri- ». * • ♦ .•••¥ ♦ >+ ■'+x-v if + & ib J> < +++■■*■ *«♦••* + Vh-w i 

Jt L:I';PLAY ROUTINE:*:*:♦ ‘ 

. • P P1 * 0 *C L E HP PE G J S ILP 1 
• ir-nD . TF’ F'0’0 * 1 LEAP Fiu 

4 '.I S FLAGO ♦SKIP IF DC* If. ET 

5 IMP DISPA -DISPLAY message a 
-r. !~LRG 1 -SI IP IF Din IS SET 

,' IMP HI SPA ♦DISPLAY MESSAGE B/ 

CN1 ♦ENABLE THF INTERRUPT ' 

JI1P READ ’BOTH FLAGS APE CLEAR' 

.0 it >SPA STR R0,40 *REG0=40/ 

11 2 DA R1 ♦ LOAD ACC FROM POINTER' 

12 SLT ♦SKIP IF ACC 40/ 

13 STR 1*0 ♦CLEAR THE PONTER/ 

14 EH I : JMP READ / 

15 DiSF'B STR R0* 40 * REGO=40 

16 LDA R1 ♦LOAD ACC FROM POINTER/ 

1- SGE ♦SKIP IF ACC>=40/ 

1 STR R1* 40 ♦F‘OINTER=40/ 

EMI! JMP READ/ 

£« ORG 377 * INTERRUPT ROUTINE/ 

21 STA R2 ♦STORE THE ACC DURING/ 

22 * THF INTERRUPT PERIOD:♦/ 

.:j i ha ri ♦load ncc from pointer/ 

°4 OTA DS0 *OUTPUT ACC TO ADDRESS/ 

25 ♦ LATCH (DEVICE SELECT 0):*;*/ 

\t JAI 2 ♦JUMP INDIRECT TO L0C. / 

JE7 * 010* AND 8 BITS OF ACC/ 


j!L» 

BL. OTR DS2-40 ♦OUTPUT 

BLANK 


28 


JMP DISP/ 



30 

A 

OTP DS2*101 ♦OUTPUT 

5 A’ C 

ODE / 

31 


JMP DISP/ 



Ji: 

D 

OTP BS2-104 ♦ OUTPUT 

’ D’ 

CODE/ 

2* s* 


JMP DISP/ 



34 

E 

OTR DS2*!05 ♦OUTPUT 

■ E’ C 

ODE/ 

o5 


JMP DISP/ 



36 

I 

OTR DS2* 111 ♦OUTPUT 

’ I ’ C 

ODE/ 

”i |' 


JMP DISP 



“i Ci 

K 

OTR DS2*113 ♦OUTPUT 

K 


•9 


IMP DISP' 



40 

L 

OTR 2*114 ♦OUTPUT L: 

JMP 

Ii ISP/ 

41 

H 

OTR 2* 1 16 ♦OUTPUT N: 

JMP 

DISP/ 

42 

0 

OTR 2*117 ♦OUTPUT 0: 

JMP 

DISP/ 

43 

F 

OTR 2*120 ♦OUTPUT p: 

JMP 

Ii ISP/ 

44 

P 

OTR 2*122 ♦OUTPUT R: 

JMP 

DISP/ 

45 

J 

OTR 2*123 ♦OUTPUT S= 

JMP 

DISP/ 

46 

1 

OTR 2*131 ♦OUTPUT Y: 

JMP 

DISP/ 

47 

IIISP OTR US 1*40 ♦OUTPUT CODE 

48 

•V 

FOR BLANK TO DEVICE 

1 : */ 


49 


OTA DS3 ♦START THE DI 

SPLAY 


50 


I HE:/ 



51 


iNB ♦DOUFLE INCREMENT 

THE 


*52 


POINTER:*:*/ 



h 


STA l: LDH 2 ♦RELOAD 

THE HLCv 

54 

+ 

BY ITS VALUE BEFORE 

THE 


55 

* 

INTERRUPT OCCURED:♦: 

♦/ 



56 MIDD t.NI ♦ENABLE THE INTERRUPT, 


PAGE 

i--*- -t ^ * $•♦*** *********** 7 ***■*'£***'***■****'•■***'*• ■' 



59 

60 

61 

62 

63 

64 

65 

66 
*•7 
68 
63 
78 
71 

70 

i •-• 

74 

75 

76 

77 

I I 

78 

79 

80 


81 

r .-5 



7 BEFORE RETURN:*:*, 

PIT ^RETURN FROM INTERRUPT/ 
PESETA STR R1«0 PRESET POINTER/ 
JHP MIDD/ 

RESETb STR PIi40 *RFSET POINTER 
.IMP MIDD/ 

ORG 1000 *BISPLAY:*:* / 

* DISPLAY IS OK:*:*/ 

IMP bl. *DISPLHY BLANK 
IMP D *D I SPLAY D 
JMP I *D I SPLAY I, 

.IMP S *D I SPLAY 3/ 

..IMP P: JMP L: JMP A: JMP Y/ 

JMP BL: JMP I: JMP S: JMP BL/ 
JMP 0: JMP K: JMP PESETA/ 

ORG 1040 *DISPLAY:*:*/ 

7 ERROR IN DISPLAY:*:*/ 


JMP 

E: 

JMP 

R: 

JMP 

R/ 


JMP 

n: 

JMP 

R: 

JMP 

BL: 

JMP I 

JMP 

N: 

JMP 

BL: 

JMF 

D: 

JMP I 

JMP 

S: 

JMP 

P: 

JMP 

L: 

JMP A/ 

JMP 

Y: 

JMP 

RESETB/ 




RO OCT 0:R1 OCT 1:R2 OCT 2/ 
DSO OCT 0:DS1 OCT 1/ 

DS2 OCT 2‘ DS3 OCT 3/ 

FLAGO OCT 0:FLAG1 OCT 1: END/ 
EOF/ 


TOTAL LINE NUMBER= 83 
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F'HIjF I 




.‘MB''I. 

TAhi E *■ 

, HBOI. 

HMiREs 

y ti rl fl 

J 

b 1 SPA 

15 

DisPB 

Z'b 

t-L 

403 

A 

40. 7 

B 

413 

fc 

417 

I 

433 

\ 

427 

L. 

433 

N 

437 

0 

443 

P 

447 

k 

453 


457 

\ • 
t 

463 

DiSP 

467 

111 dd 

476 

PESETA 

500 

RESETb 

504 

RO 

0 

Rl 

1 

k .2 


H30 

0 

H Si 

1 

DS2 

r. "• 

2 

FLAG0 

■If 

0 

FLAG1 

1 


* ••Hi IIL > 






(% 


III UBER OF ERRORS FOR PASS 1 = 


0 


J 


£ 



ft 

Hi 
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J 

s 

D IS 

r 

;PLAY ROUTINE 


) 

1 

4 

11 

JJl 

STR 



nyy 




-: 2 U READ 

STR 

J 

■> 

000 


! 

-i 

•43y 

OFS 


C“ 

300 

•JMP 

« 

1* 

0 15 




63 1 

SFS 

• 

. 0 

100 

JMP 


1 1 

026 


i 

■ 4— 

05? 

EH I 

• y 

..3 

200 

JMP 

*4 

J 4 

J 02 


. J 

«r. 

■‘20 DISPA 

STR 

! 0 

16 

040 


i i 

'7 

141 

LOR 

i 

• U 

01 1 

SLT 

■ ~ 

1 


STR 

• 

.• 2 

ooo 


i » 

■| 

05? 

EH I 

. 4 

. > 

300 

JMP 

J "1 

,.it 

0 G 2 


< . 

. / 

320 DISF’B 

STR 


* 

040 ^ 


) 

. } 

141 

LDA 


* i 

&15 

SGE 

4 

i • • 


32 i 

STR 

It 

•j 

u40 


i ~ J 

4 

05? 

ENI 

1 . 


.100 

JMP 

1 

■ c 

002 ’ 


w 



ORG 

. 1 


J 6 J. 

ST A 

* 

• !! *t 

J MTLkPUFC PERIOD 


W fc- 

t * 

ibt* 

Hi 

LDA 

.•1 

■ 01 

1 20 

OTA 

.fj 

- 1 H 1 i 

H • DEVICE -.ELECT 0- 


. 'j 

• 



_ S 




. • 

*i y? 

* y* 1 .•* 

JAI 

v 1 

+ 01 0 .« 

AND 3 BITS OK ACC 



403 

302 Bl. 

OTR 


404 

040 


••4 

405 

n* 1 

JMP 

.•M 

406 

067’ 



•! 0 ? 

302 A 

OTR 

;y 

4i0 

101 


:j 

411 

20 1 

JMP 


412 

067 


) 

413 

302 D 

OTR 


414 

104 


33 

415 

201 

JMP 


PAGE 2 

P 1 > 0 

♦RLE HP f f GI STEP 1 

R0 » 0 

♦CLEAR F’O 

FLAGO 

DI SPA 

♦SKIP IF DC0 IS SET 
♦DISP! tlV MESSAGE H 

FLAG1 

DISPB 

♦SKIP IF DC 1 10 3E1 
♦DISPLAY MESSAGE E: 

READ 

♦ ENABLE 1 HE INTERRUPT 
♦BOTH FLAGS ARE CLEAR 

RO > 40 

♦REG0—40 

R1 

1 J 0 

♦LOAD ACC FROM POINTFR 
♦SKIP IF ACC < 40 
♦CLEAR THE PONTER 

READ 


R0«40 

♦ REG0-40 

R 1 

R1 > 40 

READ 

♦LOAD ACC FROM POINTER 
♦SKIP IF ACC>-40 
♦POINT ER=40 

377 

R2 

♦INTERRUPT ROUTINE 
♦STORE THE ACC DURING 

R1 

DS0 

♦LOAD ACC FROM POINTER 
♦OUTPUT ACC TO ADDRESS 

? 

♦JUMP INDIRECT TO LOC 

D S 2 < 40 

♦OUTPUT BLANK 

DISF’ 


DS2 >101 

♦ iillTF JT ’ A’ CODE 

DISP 


DS2>104 

♦ GUI PUT ’D* CODE 

DISP 
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PH'jfi 



- — — - - 

-—— 

---- - 

— -— 




-• J 

4 J 6 

U67 






*4 

41 . 

302 

1 

U1 R 

DS2>105 

*outi i.i r 

't' i:n lie 


420 

105 







.. : 

30 l 


JMP 

MSP 



• c 

* 

•»2 . 

06 7 






*r> 

•■*2-- 

■ 02 

r 

OTR 

BS2* 11 1 

♦OUTPUT 

’ I ■ (.uDt 

• if* 

424 

1 II 



« 



,j*7 

425 

201 


IMP 

BISP 



> i 

426 

067 







42 r 

302 

1 

OTR 

DS2»113 

* OUT PUT 

1 

•o 

4-40 

113 






. "4 

+ JJ 

. 01 


JMP 

DISP 



:*j4 

4 ... 

067 






10 

4 43 

302 

L 

OTR 

2» 114 

*ijiiTPi i r 

L 

•lU 

4 34 

i 14 






4M 

4 35 

201 


JMP 

DISP 



40 

•1 5c 

067 






11 

i 3 1 

■302 

N 

OTR 

2, 116 

♦OUTPUT 

N 

41 

440 

116 






4 J 

»j 41 

201 


JMP 

MSP 



4 J 

•442 

067 






.* 

4 43 

302 

o 

OTR 

2 j 117 

♦OUTPUT 

o 


444 

1 I? 

• 





i-• 

-M5 

201 


JMP 

DISP 



^ j 

4 46 

067 






-t v* 

r 4 

.02 

P 

OTR 

2? 120 

♦OUTPUT 

p 

4 2 

•+5t 

120 






V : 

* c 
. i 

20 1 


JMP 

MSP 




452 

067 






"a 

452 

302 

R 

OTR 

2, 122 

♦OUTPUT 

R 

-<4 

454 

122 






44 

455 

20 1 


JMP 

MSP 



44 

456 

067 






45 

; t' ■ 

• r .t 

302 


OTR 

2 j 123 

♦OUTPUT 

•!> 

45 

4i y 

123 






45 

46 i 

201 


JMP 

DISP 



45 

t 62 

067 






46 

' ’ L 3 

302 

V 

OTR 

2 j 131 

♦OUTPUT 

Y 

46 

tK/A 

131 






46 

465 

201 


JMP 

DISP 



46 

6 6 

Ofc-7 






47 

i 7 

301 

MSP 

OTR 

DS1 * 40 

♦OUTPUT 

CODE 

4 7 

470 

040 






4-3 

*- F0'6 

PLANK Hi 

DEVICE 1 





46 

> 







4 4 

4"1 

i 23 


OTA 

DS3 

♦ START 

rHE DISPI A 

*• t: 

,i >- 

S i k. 

000 


IHB 




5i 

4 73 

000 


1MB 


♦DOUPLE 

INCREMENT 

5.: 

52 

* PG1 

•V 

* 1 i E R 






r 

JH 

i 

-* j 

474 

161 


ST A 

1 



53 

4 75 

142 


l HA 

i. 

♦RELOAD 

THE ACC 


* BV 11 VALUE. BEFORE THE 

• IUIERRUPT OCLURED 

4 
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4 , A 

95? ninn 

ENI 

•BEP Or 't 

RETURN 





'*■ t • 


PTI 

SOg. 

321 RESETA 

SIR 

50 i 

000 


so: 

201 

JMP 

50 ; 

076 


'"Met 

21 RESETS 

STR 

Si IS 

040 


' 11 c 

301 

JMP 

■0? 

076 


■'* 

: » 

■ )n r P! 

4- 

AY TS OK 

ORG 

■f 

' 6> 0 

20 1 

JMP 

; or. i 

00 3 


rj K1 

20 1 

JMP 

i 00 '■ 

0 1 3 


1 O' -4 

:0i 

JMP 

! UOS 

023 


! Ou' 

301 

JMP 

1 00 ' 

057 


1 >13 0 

301 

JMP 

101! 

04 7 


101 

201 

JMP 

101 

033 


3 01 i 

201 

JMP 

! 0 i 

00 7 


] 016 

201 

JMP 

101* 

063 


1020 

201 

JMP 

10 k? i 

003 


1 022 

201 

JMP 

1023 

023 


1 024 

201 

JMP 

j 025 

057 


1026 

201 

JMP 

j 02 7 

003 


1 030 

201 

JMP 

1031 

043 


10 32 

201 

JMP 

1 033 

027 


1 034 

201 

Jf'P 

1 035 

1 00 


-y 


QRG 

-- CPPm 

III DISPLAY 





1640 

•01 

JMP 

1041 

017 



PAGE 4 

^ENABLE THE IN fEPRUPT 

*RETURN T POM IH1 FRK'IJPT 
Ri? U PRESET POINTER 

MI HD 

R1?40 PRESET POINTER 

Minn 

1060 ISPLAY 

BL ^DISPLAY BLANK 

n *display n 

I ^DISPLAY I 

S ^DISPLAY S 

P 

L 

A 

V 

BL 

I 

C; 

BL 

0 

K 

PESETA 

1040 *DISPLAY 

E 



\ 4 

104": 

053 




i 4 

1044 

201 


JMP 

R 

; 4 

*.045 

053 




'cr 
t .» 

104l 

201 


JMP 

0 

.’5 

1047 

043 




i‘5 

j 05O 

201 


JMP 

R 

75 

1051 

053 




75 

1052 

201 


JMP 

BL 

75 

1 853 

H03 




75 

1054 

201 


JMP 

I 

75 

1055 . 

023 




76 

tube 

201 


JMP 

N 

76 

1057 

037 




76 

1 UoO 

201 


JMP 

BL 

76 

10*31 

003 




76 

i 08 : v 

201 


JMP 

D 

76 

10b 3 

013 




76 

1064 

201 


JMP 

I 

76 

1065 

023 




7 

1066 

201 


JMP 

S 

i 

1067 

057 




77 

1070 

201 


JMP 

P 

77 

1071 

047 




• * 

< 1 

1072 

201 


JMP 

L 

7 •> 

i • 

107 

033 




7 7 

• • 

10 7 -i 

201 


JMP 

A 


1075 

007 




n 

1076 

201 


JMP 

Y 

>6 

1 077 

063 




|'*ti 

1100 

201 


JMP 

RESETB 

‘,’8 

1101 

104 




79 



R0 

OCT 

0 

79 



Rl 

OCT 

1 

V'9 



R2 

OCT 

2 

80 



DS0 

OCT 

0 

80 



DS1 

OCT 

1 

31 



DS2 

OCT 


81 



DS3 

OCT 

3 

32 



FLAG0 

OCT 

0 

O !• 

L* w 



FLAG1 

OCT 

1 





END 



HUMBER OF ERRORS FCR PASS 2= 0 
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EXAMPLE III 

The following example will demonstrate the 
"PATCH ASSEMBLING" feature of the NANO PROCESSOR 
ASSEMBLER and LOADER. 

Suppose it is desirable to change the message B 
of the example 2 

"ERROR IN DISPLAY" 


TO: 


"ERROR IN DEVICE" 

A short program such as the one following could 
accomplish the desired change. 





* > 




) 


• PRT• »: ITm.kuM FOk DISPLAY/ 

Of'Ci 5 11» 


4 


10 
1 1 
12 

13 

14 

15 
It 


■ fiTR ■ <0111 PUT In >. 

jmp 4of jump ru disp. 

V OTR 2? let- •» OUTPUT 12f Tn 2/ 
JMP 467 *■ JUMP TO DISP/ 

Ok'G 1060 / 

JMP 403 > JUMP TO BL/ 

IMP 413 * JUMP TO D/ 

Jl IP 417 * JUMP TO E/ 

JMP 0/ 

IMP 423 * JUMP TO 1 / 

JMP C/ 

JMP 417 4JUMP TO E/ 

JMP 504 * JUMP TO RESETS/ 
END: EUF/ 


1 •• I .L LIME ilUMBER® 


16 






^SYMBOL TABLE* 

SYMBOL ADDRESS <VALUE 


i? 510 

V 514 


ilUHBEf Or rl'M'iRS FOR PASS 1= 0 
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PftGE 


1 PhTi<I FROG 


1 

S1 0 

SO 2 

/ 

si i 

103 


s t > 

01 

1 

.10 

067 

4 # 

=114 

302 


j :> 

126 

. 

Mr 

201 


**..l • 

0!, ? 

. 

• 0. • 

20 1 

■ : 

) 

003 


; Mi' 

20 i 

i 

J 0». •: 

013 

I 0 

106 l 

201 

1 0 

1065 

01 ? 

11 

i 06 i 

201 

11 

106? 

11«! 

1 

1 0?! 

'0 1 

J 

1071 

U23 

J 

107 

0 1 

*1 

4 

i0?;: 

: .0 

i 4 

•0?4 

201 

14 

1075 

017 

!*> 

076 

201 

J t. 

1077 

104 


) 


POP DISPLAY 


ORG 

OTP 

510 

2i 103 

IMF 1 

467 

OTP 

2 * 126 

JMF* 

467 

ORG 

IMP 

10r.l1 

403 

JMP 

41 

JMP 

41? 

IMP 

V 

JMP 

423 

JMP 

c 

JMP 

41? 

JMP 

504 

END 



■♦OUTPUT IO-: TO > 
* J 1 IMF' In DISP 
♦QUTPUI 127 TO 2 

* JUMP 10 DISP 

* ll IMF TO fc-L 
*JUMP TO D 
^ JUMP TO E 

* JUMP TO I 

♦JUMP TO E 

* JUMP TO RESETB 


liUMbLP OF ERRORS FOR PASS 2= 0 




J 





J 
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ASSEMBLY LANGUAGE INSTRUCTIONS 

ACCUMULATOR INSTRUCTIONS: 


Skip on Bit N=1 
Skip on Bit N=0 
Set Bit N 
Clear Bit N 
Increment ACC (Binary) 
Increment ACC (Decimal) 
Decrement ACC (Binary) 
Decrement ACC (Decimal) 

Clear ACC 

Complement ACC 

Left Shift ACC 

Right Shift ACC 

Load ACC with ROM DATA * 

Skip on E=1 
Skip on E=0 
Set E 
Clear E 

REGISTER AND I/O INSTRUCTIONS 

Load ACC From Register R 
Load ACC Indexed 
Store ACC At Register R 
Store ACC Indexed 
Input To ACC From DS 
Output ACC To DS 
Store ROM DATA At Register 

Output ROM DATA To DS* 


SBS 

N 

00 

0l0 

.N , 

SBZ 

N 

00 

110 

.N , 

SBN 

N 

00 

100 

,N , 

CBN 

N 

10 

100 

N 

INB 



000 

000 

IND 


00 

000 

010 

DEB 


00 

000 

001 

DED 


00 

000 

011 

CLA 


00 

000 

100 

CMA 


00 

000 

101 

LSA 


00 

000 

110 

RSA 


00 

000 

111 

LDR 

DATA 

11 

001 

111 



i_ DATA 


SES 


00 

011 

111 

SEZ 


00 

111 

111 

STE 


10 

110 

100 

CLE 


10 

110 

101 


LDA 

R 

01 

10. 

R . 

LDI 

Z 

11 

10. 

7 . 

STA 

R 

01 

11. 

R , 

STI 

Z 

* 11 

11. 

R . 

INA 

DS 

01 

00. 

DS ; 

OTA 

DS 

01 

01. 

DS, 

STR 

R,DATA 

11 

01 . 

R 



1 

DATA 

J 

OTR 

ds.data 

11 

00 

DS 


L DATA 


0 
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Set Control K 
Clear Control K 
Skip On Flag J=1 
Skip On Flag J=0 

COMPARATOR INSTRUCTIONS: 

Skip On ACC >RO 
Skip On ACC <RO 
Skip on ACC 3 RO 
Skip On ACC >RO 
Skip On ACC <RO 
Skip On ACC #RO 
Skip On ACC = 0 
Skip On ACC # 0 

PROGRAM CONTROL INSTRUCTIONS: 

Jump To Address 

Jump Indirect To Address 
Jump Sub T Address * 

Jump Indirect Sub To Address 

Return From Subroutine 

Return From Interrupt and 

Enable Interrrupt 

Return From Interrupt 

No Operation 

Disable The Interrupt 

Enable The Interrupt 

* Double Byte Instructions 


STC 

K 

00 

101 

. K 

CLC 

K 

10 

101 

. K 

SFS 

J 

u 

011 

t-J 

SFZ 

J 

00 

111 

, J 


SGT 

00 

001 

000 

SLT 

00 

001 

001 

SEQ 

00 

001 

010 

SGE 

00 

001 

101 

SLE 

00 

001 

100 

SNE 

00 

001 

110 

SAZ 

00 

001 

011 

SAN 

00 

001 

111 


JMP 

ADDRESS 

10 000 lLN 

_OFFSET j 

JAI 

U 

10 010 . U , 

JSB 

ADDRESS 

10 001|PN + 
OFFSET , 

JAS 

U 

10 011, U , 

RTS 


10 111 000 

RTE 


10 110 001 

RTI 


10 110 000 

NOP 


01 011 111 

DSI 


10 101 111 

ENI 


00 101 111 




PN » Page no. 


Kamran Firooz 
October 21., 1974 


NANO PROCESSOR LOADER 


Nano Processor loader is a program that loads the object files 
produced by the Nano Processor Assembler and stored on cassette 
tapes into the ROM-RAM Simulator. At the beginning of the execu¬ 
tion the calculator questions the file number where the object 
file is stored. Then it askes; 

"PATCH LOADING?" 

If the reply is negative all of the unused locations of the ob¬ 
ject file will be loaded by the code for instruction NOP (137). 

If patch loading was requested; only the assembled codes will be 
loaded. 


Kamran Firooz 


Example: 


Consider the program given on the following page. In 
order to load the object file of this program into ROM-RAM 
Simulator, load the Loader program into the calculator and 
RUN EXECUTE. 

"FILE NO.?" 

6 

"PATCH LOADING" 

N 


Since the answer to the latter question was negative locations 
0 to 507, and 520 to 1057 and 1100 to 1777 will be filled by 
the code for NOP. Q oor ^ 

However, if the reply was "Y" the only locations effected in 
the ROM-RAM would be 510 to 517 and 1060 to 1077. Rest of the 
memory would remain unchanged. 

This feature of the loader can be used to combine (PATCH) object 
files of different source programs. 









v 




«* 


PfiCL 


1 

; i;r• ■. 

i IGPHM 

FuP MT SI I 

_HV 



*• 




OPG 

*510 



5 • ' 1 

302 

1. 

U 1 P 

. ’ ’ 103 

4ijurrui luj to j 


■si • 

i 03 





1 

5i2 

201 


•ill 

0.7' 

-jump m ni-.p 


5i3 

057 





* . 

5 ■ q 

30 2 

1 1 

01P 

1?6 

♦OUTPUT U7 10 J 

* « 

••:5 

126 





< , 

r '\Q 

201 


JMP 

467 

4 JUMP 10 IHSP 

r 

511 

067 


ORC 

1060 


c» 

i U‘*. 

?0\ 


JMP 

403 

*JUMP TO BL 

i! 

10b* 

n03 





M 

iJtu 

. 0 1 


JMP 

413 

* JUMP I n Ii 

*;l 

tit 

01. 3 





J 0 

064 

201 


JMP 

417 

4 JUMP TO E 

111 

; iK% 

in; 





i l 

.*c 

201 


JMP 

v 


1 1 

tit 

1H 





J J 

-i?0 

i 


JMP 

423 

*JUMP TO I 

Ic 

J i 

•J £ “J 





1 . 

. 2 

201 


JMP 

C 


1 

•?: 3 

1 in 





i 4 

.• 4 

->i | 


JMP 

417 

4JUMP TO E 

! 1 

U.-i 5 

0 1 V 





IS 

». i. c. 

201 


JMP 

5U4 

4 JUMP TO RESETb 

IS 

) 

071 

1C-? 


END 



JOMBEP 

FOi 

PUGS 2= 

0 




0 
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The following is a documentation of the 
NANO PROCESSOR ASSEMBLER and LOADER written 
for H.P. 2100 Computers, Two programs for 

TRANSFERRING SOURCE PROGRAMS FROM 9830 TO 
2100, AND TRANSFERRING OBJECT FILES FROM 
2100 TO 9830 ARE ALSO INCLUDED. 

Please bear in mind that Nano Processor 
materials ARE H.P. PRIVATE. 


For further information, recommendations 

OR IN CASE OF DIFFICULTY PLEASE CONTACT 

KAMRAN FIR00Z at 

303-667-5000 Ext. 2873 


December/1979 



















NANO PROCESSOR ASSEMBLER 





V 







PURPOSE: To assemble a source program for the 

Nano Processor using an HP 2100 Computer 

MEMORY REQUIREMENTS: 16K 

SYSTEM REQUIREMENT: DOS III 


Kumran Firooz 
December, 1974 
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DESCRIPTION: The Nano Processor Assembler is an ab.-, j- 

lute assembler designed to assemble source 
programs stored on a disk and to generate equiv¬ 
alent object code files. A loader program can 
then be used to load these binary files into a 
ROM-RAM Simulator, or a PROM. The assembling 
is performed in two passes. Pass one searches 
for user defined symbols, and pass two trans¬ 
lates the mnemonic source program statements to 
their equivalent binary codes. 

These binary codes are stored in an array called 
the object file. At the end of pass 2 the object 
file is stored on the disk. The file name where 
this array will be stored is requested at the 
beginning of the program. 


rN 


ASSEMBLER OPTION'S: The fol lowing questions are asked at the 
beginning of execution: 


’’LISTING?" 

If the response to this option is "YES" the Logical 
Unit where the listing must be done is requested; other¬ 
wise, listing of both pusses will be suppressed. In' 
this case all of the assembly and error messages 
will be listed on Logical Unit 1 (CRT). 

Next question is: 


"OBJECT FILE NAME?" 

Object file must be a binary file of at least 8 
sectors. These files can be created prior to the 
execution of the assembler ly using the following 
command: 

:ST,B,name,8 

If the number of sectors in the file is less than 
8, the computer will display: 

"FILE name IS TOO SMALL" 

"OBJECT FILE'S NAME?" 

Note that the type of file is not searched by the 
assembler, any type of file other than Binary File 
will result in an error at the time of storing the 
object codes into the object file (at the end of 
Pass II). 

The following questions are asked next: 



"HOW MANY SOURCH FILES?" 

"ENTER SOURCE TILT'S NAME?" 

Up to five source files can be given. The assemble 
will assemble the source files in the order that 
file names are entered. Only one file name should 
be given at a time. If more files are needed the 
computer will display: 

"ENTER SOURCE FILE'S NAME?" 

If any of the Source Files are not found on the 
disk, the computer will display: 

"FILE name NOT FOUND" 

"ENTER SOURCE FILE'S NAME?" 

After all of the Source Files arc entered, the assem 
bier starts to assemble the given Source Files. 



fiH" OBJECT FILE: Object file is an array that holds the binary 

codes of the assembled source program. At the end 
of pass 2 this file is stored in a binary file of the 
V disk. A loader program can then be used to load the 

object file to a ROM-RAM Simulator, or a ROM. 




<0 




£ 


J 



Object file is a 1024 X 1 array. Each location of 
this file will hold the object code for that loca¬ 
tion. For example; location 16 will hold the code 
that must be stored on location 15 of the ROM. 

(Due to the fact that the array starts from 1 and 
not 0, all locations are decremented by one by the 
"LOADER"). 

Since object file has only 1024 locations, caution 
must be taken not to exceed location 1777 octal. 

For example; the code that must be stored u:. loca¬ 
tion 2150 octal will be stored on location 150 
octal. (ll'th bit is truncated); however the address 
would appear as 2150 in the assembler listing. 

At the beginning of the assembling all of the loca¬ 
tions of the object file are initialized to ^ 

(• During the assembling is over 

written by other codes; however, the locations not 
used will remain as ) rS>. This feature is used by 
the loader for "PATCH ASSEMBLING". For further 
information refer to "NANO PROCESSOR LOADER". 


- 




PROGRAM SOURCE FILES: As the name implies, program source 
files are files stored on the disk that contain the 
source programs. These files can be generated or 
edited using standard IIP 2100 editor or any other 
available editors (CRTED for example). 

Up to five files can be assembled at one time. If 
more than one file is used, an EOF statement must 
designate the termination of each file. 

USER DEFINED TABLE: User defined table is an array that 
holds the numerical value o_r the address of the 
labels. During pass 1 all the labels are stored in 
this array. In pass 2, everytime an alphabetical 
operand is found, the assembler performs a linear 
search into the user defined table to find the value 
or the address of the operand. 

Maximum length of the user defined table is 256 label 
Exceeding this limit would cause the assembler to 
print error messages, and any label encountered will 
be ignored. 

During the second pass, if any of the ignored labels 
are referenced, the assembler will print "Undefined 
Label" error message. 




GENERAL FORMAT: Each line of the program consists of one 



or more separate fields. These fields arc: Label , 
Opcode , Operand , and Comments . For the convenience 
of the user these fields are separated by one or 
more blank spaces. The following is a brief descrip¬ 
tion of each one of these fields. 

LABEL: Label is a symbolic name that provides the ability 

to refer to the instruction or the value generated 
by the instruction. For example, in the instruction: 

START LDA REG17 

START is the label, and it holds the address of the 
location where this instruction is stored on the 
ROM. 

But in the instruction: 

REG17 OCT 17 

REG17 is a label that holds the numerical value 
assigned to it by the OCT instruction. 

The first letter of a label must be alphabetical, 
and the total length of the label cannot exceed 
5 characters. If the first character of an in¬ 
struction is blank the assembler assumes that 
there is no label present. Repeated labels cause 
the assembler to print an error message. 



OPCODE: 


MACHINE 


Opcodes are mnemonic operation codes stored 
in the permanent symbol table that are recognized 
by the assembler and translated as machine in¬ 
structions or Pseudo - instructions. 


INSTRUCTIONS: Machine instructions are those 
instructions that the Nano Processor can execute 
to perform a specific task. The assembler trans¬ 
lates these instructions to their binary codes. 
There are three types of machine instructions: 


Type 1: 


Single byte instructions that 
defined and do not require an 


are self¬ 
operand . 
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For example: 


CLA 

* 

CLEAR ACC 

STE 

* 

Set extend register 

RTS 

* 

Return from Subroutine 

ENI 

* 

Enable the intrupt 

INB 

* 

Increment the ACC in Binary 

SLE 

* 

Skip if ACC < to register 0 


Type 2: 

Single byte instructions that require an 
Operand. 

For example: 

SBS 5 * Skip if Bit 5 of the ACC is set 

CBN BIT4 * Clear Bit4 of the ACC 

INA DS5 * Input to ACC from Device 5 

Type 3: 

Double byte instructions that must be 
accompanied by an Operand * 

For example: 

OTR 2, DATA 
STR R5,FOUR 
JMP GOOD 
JSB ADD 


Output ROM Data to Device 2 
Store FOUR Into Register 5 
Jump to Location GOOD 
Jump to Subroutine ADD 
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PSF.UDO INSTRUCTION: Pseudo instructions perform t'.o 
types of tasks: 

Type 1: 

They provide information to the assembler 
about the program being assembled, such as 
ORG, EOF, END 


Type 2: 

They allow the definition of constants, 
such as OCT, DEC, BCD. Obviously, type 2 
of the Pseudo Instruction must be accom¬ 
panied by a label and an Operand, since 
it is assigning the numerical value of the 
Operand to the label. 


OPERAND: Some instructions require the designation of an 

Operand. This Operand could be a destination 
address in a JMP instruction or the numerical value 
of a Label in an assign instruction. There are 
three types of Operands : 


Type 1 - NUMERICAL VALUE: 

This tvpe of Operand is used in a type 2 
instruction code, or in a Constant Define 
Pseudo instruction. 


(Type 2 Pseudo instruction) 
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For example: 

LDA 5 
SFZ 4 


LOAD ACC FROM REGISTER 5 
SKIP IF FLAG 4 IS ZERO 


REG14 OCT 14 

* 

ASSIGN VALUE OF 14 TO 


* 

THE LABEL REG14 

JMP 377 

* 

JUMP TO LOCATION 377 

LDR 2 0 

* 

LOAD ACC FROM ROM DATA 2 

This type of Operand has 

to 

be numerical. If they 

are being used in a type 

2 

instruction they cannot 

exceed 7 or 17 (OCTAL); 

if 

they are being used in 

a define constant instruction their octal value 

should not exceed 377. 



The following Operands are 

acceptable: 

CBN 5 

A 

CLEAR BIT 5 OF ACC 

ST A 16 

* 

STORE ACC IN REGISTER 16 

AA OCT 167 

* 

OCTAL 167 

BB DEC 250 

* 

OCTAL 372 

CC BCD 89 

* 

OCTAL 231 

However the following Operands will cause error 


messages: 


SBN 20 


SET BIT 20 OF ACC 
(Accumulator has only 8 bits.) 
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SFS 14 SKIP IP FLAG 14 !b SET 


(There are only S flags.) 


DD 

OCT 

19 

(Unacceptabl 

c octal numbers.) 

EE 

DEC 

540 

(Exceed 

377 

octal.) 

FF 

BCD 

140 

(Exceed 

377 

octal.) 


Type 2. SYMBOLIC ADDRESS OR SYMBOLIC VALUE: 

This type of Operand is used in jump to 
subroutine instructions or in a type 2 
opcode instruction. 


For example: 

JMP LOOP 
JSB ADDNG 
JBN BIT4 
LDA RIZ 
STA R6 
JAI INDI 

This type of Operand follows the same Syntax 
rules as the Label; that is, it must begin with 
an alphabetical character and must be less than 
or equal to 5 characters long. These Operands 
must be defined somewhere in the program as 




6 


# 


J 




addresses or constants. 
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w 


r n 

<w 




w 


* 


& 


r 


Type 3 - SYMBOLIC OR NUMERICAL VALUE: 

This type of Operand is a mixture of type 
1 and type 2 Operands, and it is used in 
type 3 instructions. 

For example: 

STR R4,FORTY 
STR 4,FORTY 
STR R4,40 
STR 4,40 

As the above examples indicate, this type of 
Operand consists of two separate fields. These 
fields are separated from each other by a 
and there should be n£ blank space anywhere in the 
Operand Field. The symbolic portion of Operand 
follows the same rules as type 1 of the Operands. 

COMMENTS: The comment field allows the user to tran¬ 

scribe comments on the list output produced by the 
assembler. The comments field must begin with an 
asterisk. This field could start at the beginning 
of a line, such as: 






* THIS IS ONLY A COMMENT 


or after the Opcode or Operand 
AGAIN CLE * CLEAR EXTEND REGISTER 
Comments are ignored during pass one. 

If an occurs at the beginning of a line, the 

entire line is assumed to be a comment. 

If a comment starts at the beginning of a line, up 
to 64 characters can be used in each line. If a 
comment begins after an Opcode or Operand, up to 28 
characters will be printed and remainder will be 
truncated. 

ERROR MESSAGES: For the convenience of the user, the 

assembler will print error messages if any error are 
encountered. Along with the message, the line 
number where the error occured is printed. 
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PSEUDO OPCODES: 

ORG: ORG is a Pseudo Opcode that provides 

absolute program origin or starting 
address of a segment of a program. 

The operand of the ORG must be an octal 
number. If no ORG is encountered the 
assembler assumes the starting address 
to be zero. 

EOF: An EOF statement notifies the assembler 

that the physical end of file has been 
reached. This causes the assembler to 
load the next source file. 

END: End terminates the source language program. 

Note that ORG, EOF, and END are not 
executable statements; therefore, any 
reference to these instructions would 
cause an error. 

OCT: OCT is a defining opcode that equates 

the numerical value of the operand to 
the label. Obviously, the operand needs 
to be an octal number. 

DEC: DEC Pseudo Opcode is another defining 




statement that converts the numerical 
value of the operand to octal and 
equates the converted number to the 
label. 

BCD is a pseudo opcode that converts 
the numerical value of the operand from 
BCD to its octal equivalent. Bach digit of 
the operand is taken as a 4 bit BCD 
number. 

For example, in the following statement: 

TAG BCD 38 

The assembler separates the number 38 to 
3 and 8 as 0011 1000. 

This number is then converted to octal 
00 111 000 (070). Note that the operand 
cannot exceed two digits. 
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r^ nxAMPi.r.s 

The following examples are given in an attempt to 
familiarize the user with the NANO PROCESSOR ASSEMBLER. 

W EXAMPLE I 


The following program will add the contents of Register 5 
and Register 6 and store the result on Register 6. 

V The source program was generated by the "CRTED EDITOR" 

and stored on Pile NPEX1 of a disk. 




iHuE 0001 


'll PI i'n f- • •• i’ • 'TLU 
EHhlTEi t > 


'Hi ■ PROGRHH ii'" • E Pn.’iENrS OK -'LEISTER. • TO THE 
( OHTCHT'* OF RL'Cl' Li- . f-iHD '-’TORE THE RESULT IN REGISTER u. 


LOOP I. hu R5 n * »Hf< flCC F (• OM REG. C 
DEI i • DEL REM ENT IN PE l lPlHL 
SHI I - SE I P ir ncr ft* 

IMP OUT *• END UF i' iHU IMi .• 

ST ft R5 'STORE T HI. iiu ill 
LDfl RE -LOKIII Hi i FROM REG. 6 
INI- *IN>. REMENT IN DF- IMfiL 
STM R6 STORE fiCC HT RFCISTTP 6 
JNP LOOK 

PEPi.rtT INK LTKRcNtrC hND INCREMENT ROUTINE 
OUT t JUT R6 

inn 

VI h P 6 > R 6 tins THE TIM 
no O' I *DEFINE R5 ft • *• TRL 5 

IS. fn I t, 
i mi 
ECU 


. 


i juh ; 
000 
000 . 
000 . 
0005 

^ ooo s 

00 UP 
000' 
0000 
00 I 0 
001 1 
O012 
001 : 
001 4 
001 S 

00 1 K 

00 l 

P 0 01 o 
00 | ' ■> 
0020 
u 0 _ | 
0022 
002 3 
I O024 

00 2 s 








l.o.iJ the assembler into the 2100 as follow; 

: PR'NI’A 

After the program is loaded the computer will display; 


VHS 


‘ • I OP UUTf'UT 


6 


'll . 


OBJ 1 


• ■I 


L 1 


1 


'I t 


LI 


Hill'll 


NPEX1 


At this point the source program stored on File NPI-X1 is loaded 
and the following pages are printed on the printer (Logical 
Unit b). 










in r 


IM.it E 


;rn.n M t-v.np H -■' F'HBl F P - NOV 1 


Hull" I pm I ••'.lip K .i . ;■ 

f : *n»i! i. r i 


■ ' i»H ■ i ■■ il REGISTER > TO THl 

r.UMI i I ■ 01 PECISTi F p| ;ui i IN REGISTER 


mu .i i 

1 4*1 

UUP l.-'Jli 

RS . 

•irLOhLi fit L FROM REG. 5 

HI II 1 

1 H.... 

Db 0 


•■DECRl.MEHT HI BFCTMRL 

i a in 

■ ' 1 i 

. .1 IN 


►SKIP IF ftCF frO 

OUI 1 :• 

. 00 

Jli r - 

OU i 

-•END OF ROUTINE,' 

CUM , 

0 1 3 




1' 

J on. 

. ' rl 

PS 

+ i ORE THE HOC IN R5 

1 ijHr. 

1 16 

LB ft 

Pb 

i OBD BCC FROM FEG, 6 

''ill'. 

. in 

hid 


1INCREMENT Hi BFCIMfiL 

i'll • i. 

1. 

STR 

Pb 

•STORE HCC NT PEuI STEF 

00 i 

1.1H 

JMP 

LfiO ,: 


0012 

ijl'i.j 




f< 

t PEN i 

THE iL'Cf l 

1 RUb Hit. c: 

Hi NT POUT I HE 

@0 i : 

1 llf» 

GIJ i LBR 

p._. 

. 

001 1 

MM’ 

INI' 



00 


STB 

Pb 

-vpb HR ,: THE Si it'. 



Jf.5 Hi. | 


-HFF INF R5 B3 Oil"! RL S 












EXAMPLE II 


The following program examines 2 Direct Control 
lines (DC0 - DC1) and based on their conditions 
displays a different message on an external display 

The editor listing and the assembler listings are 
provided on the following pages. 









000 | 
000 ' 
Vi i i • 

hum I 


OOOb 

■T i‘ 1 31 1 

Ml llj: ■ 

■x 

min 

1 

Oft. i.; 

• M k 1 - " 

1 101 1 •' 

ki Ml' . TP' 1 

l.il.l | n 

• '1 ftGi 

U0 1 1 

‘HI * * i -IN 

001 • 

I '. ' 1 Hi 

* 10 1 .1 

.'•II' MSI 

00 l 4 

1 III l Hrtl 

00 1 

IN ft kEftl* 

00 Ml . 

DiSI'ji 5TI 

00 1 

LDli F 3 *! 

1 10 1 1 

• i 1 • • 

1 111 j 0 

• 1 k 

1.111, 1 

nu 

00 

iClt i END 

00 

djsf’I n 

i2 *• 

i no i i 

1024 

SGE SI 

00 2 b 

3TF' Ki » 5 

00, o 

EIN 

00 ' ■ 

l| !| i ■ Hi' 

,00, '• 

> »K*i '"7 

1 OS' 1 

) j. 

00 10 

+ * i n 4 j.i. 

00 1 

! DR ' ! 

00 

OTR 

000 

IIJTI IIT ; ii 

00 1 

■ .I : 

01335 

i i . • t' i i • , 

00 

IMP DISP 

00 : ‘7 

ft OTP 053 

00 3 y 

.IMP DISP 

003 3 

Li OTP ns? 

0040 

HIP DISP 

004 l 

1 mTP DS2 

0042 

IMP ru-r.p 

0043 

l Oip DS3 

0044 

Hik DISP 

004'. 

. ork DS5 

00 10 

JMk DISP 

004 3 

1 OTR DSP 

On : 

IMP DI - : .F 

0043 

H OTP DS3 

O 0 * 0 

1! if 1' 1 :•!•• 

i t O r ;, ; 

ft on* 2.i 

0053 

ii;r n i yp 

0053 

p '.ii- . •. i, 

.oo'c 4 

Ulf HJSF 

0055 

1 OTI !» 1 

0056 

HU |I ISP 

0057 

S M l F* D53 

005:3 

IMP I'p.p 

005,' 

V UTk ,01 

0060 

DISP OTR 


i IHMIJ I I • H-> 1 •• •' 'P h ; MBL t r 

f-xm-ipi.E ?. 


i l.i I itV [■ •iiIT NIB 
I > i > m i b.HF: i 'IGMEr. 1 


-II!' IT Hi k FLHG IS SET 
pri,4ij - fijFiT 40 IN k'i 


i L PF MPT PmHTINL 

I i 1‘iiiii | j i ii|* Hi i pi i. NIG INTERRUPT F’*JI,* f i ill 


ft" CO Ilk 
I!" CODE 
F“ CODE 
I" CODE 
I," CODE 
L ‘ CODE 
l!" mJDE 
CODE 
CODE 
C ODE 
S" CODE 
CODE 
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UUo J 

ii 1H US *8rhP7 nil 11 ••PUT. 

0062 

IMP 

r^062 

i 0067 

IMF: i.uiill i I 1 HUT HUH HIE PO. r M 1 6. 

$ 

• 00 65 


GOGT 

i.punit inr i-'MiTuv 

Ai V. 7 

Liifl . 

it iji;.:-; 

► 1 Ofip HU 111 Til I ! • Vhl IIF 8H i •••!; 1 HE 

0 !>•' 1 

i 11i 111 Mil 1 AMPLE 1 HI 11 i i RX Jr i 

0070 

F i i RL 1' 11 •' 11 FROM 1II11-F'RUPr 
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EXAMPLE III 


The following example will demonstrate the "PATCH 
ASSEMBLING feature of the NANO PROCESSOR ASSEMBLER 
and LOADER. 

Suppose it is desirable to change the message B of 
the example 2 

"ERROR IN DISPLAY" 

TO: 

"ERROR IN DEVICE" 


A short program such as the one following could 
accomplish the desired change. 
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ASSEMBLY LANGUAGE INSTRUCTIONS 


ACCUM!) F.ATOR \ NSTRUCTIONS : 

Skip on Bit N®1 
Skip on Bit N=0 
Set Bit N 
Clear Bit N 
Increment ACC (Binary) 
Increment ACC (Decimal) 
Decrement ACC (Binary) 
Decrement ACC (Decimal) 

Clear ACC 
Complement ACC 
LeL't Shift ACC 
Right Shift ACC 
Load ACC with ROM DATA * 

Skip on E=1 
Skip on E= 0 
Set I- 
Clear E 

REGISTER AMD I/O INSTRUCTIONS 

Load ACC From Register R 

Load ACC Indexed 

Store ACC .t Register R 

Store ACC ndexed 

input Tt C From DS 

Output ACC To DS 

Store ROM DATA At Register R* 

Output ROM DATA To DS* 


SBS 

N 

00 

010 

.N , 

SBZ 

N 

00 

110 

• N , 

SBN 

N 

00 

100 

. N , 

CBN 

N 

10 

100 

, N 

INB 


00 

000 

000 

IND 


00 

000 

010 

DE3 


00 

000 

001 

DED 


r 1 

>70 

011 

CLA 


00 

000 

100 

CMA 


00 

000 

101 

LSA 


00 

000 

J 10 

RSA 


00 

000 

111 

LDR 

DATA 

11 

001 

111 



DATA 

1 

SES 


00 

011 

111 

SEZ 


00 

111 

111 

STE 


10 

110 

100 

CLE 


10 

1 I 0 

101 


LDA 

R 

01 

10. 

R ^ 

LDI 

£ 

11 

10. 

7 . , 

STA 

R 

3 1 

V * 

l i . 

R i 

ST1 

•y 

1 i 

11 

E _! 

INA 

DS 

m 

00 

DS . 

OTA 

ns 

01 

01, 

ns . 

STR 

R, DATA 

li 

01 

R 
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DATA 
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CTR 

DS.DATA 

ii 

00 

DS 


, DATA 
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Set Control K 

STC K 


Clear Control K 

CI.C K 

• * 

Skip On Flag J=1 

SFS J 

f 

Skip On Flag J=0 

SFZ J 


COMPARATOR INSTRUCTIONS: 

Skip On ACC >R0 

SGT 


Skip On ACC <R0 

SLT 

f? 

Skip on ACC = R# 

SEQ 

Pi* 

Skip On ACC >R0 

SGE 

Pi 

Skip On ACC <R0 

SLE 

P. 

Skip On ACC #R0 

SNE 

t\ 

Skip On ACC = 0 

SAZ 

X 

Skip On ACC # 0 

SAN 

t r 

PROGRAM CONTROL INSTRUCTIONS: 

Jump To Address 

JMP ADDRESS 

• i 

. t 

Jump Indirect To Address 

JAI U 

2 t 

Jump Sub To Address* 

JSB ADDRESS 

- ‘ * 

Jump Indirect Sub To Address 

JAS U 

- i 

Return From Subroutine 

RTS 

I X 

Return From Interrupt and 

Enable Interrrupt 

RTE 

i ■« • 

Return From Interrupt 

RTI 

- r 

No Operation 

NOP 

f. » 

Dissable The Interrupt 

DSI 

• rt 

. r 

Enable The Interrupt 

ENI 

f, 


* Double Byte Instructions 
+ PN = Page no. 


Kamran Fire,: 
October 21, 



NANO PROCESSOR LOADER CNPL) 
(Using H.P. 2100 Computer) 


Nano Processor Loader is a program that loads the object 
codes produced by the Nano Processor Assembler and stored 
on a hi nary File of a disk into a ROM-RAM Simulator. 

At the beginning of the execution the computer questions 
the I/O slot where the ASCII Card is placed, and then the 
file name where the object file is stored is asked; 

Next question is; 

"FATCI I LOADING?" 

If the reply is negative, all of the unused locations 
of the object file will be loaded by the code for instruct¬ 
ion NCP (157 octal). If patch leading va«= reauested; only 
the assembled les : : x 1 be load.; and all • susi mentions 
will remain unchanged. 


Kamran JF5 'ooz 
December 11)74 





Ex amp Le: 


Consider the program given on the following page. In order 
to load the object file of this program into ROM-RAM Simulator, 

I 

Load the Loader program into the computer and RUN EXECUTE. 

"OBJECT FILES'S NAME" 

0BJ1 

"PATCH LOADING?" 

NO 


Since the answer to the latter question was negative, locations 
0 to 507, and 520 to 1057 and 1100 to 1777 will be filled by 
the code for NOP. 

However, if the reply were "Y" the only locations affected in 
the ROM-RAM would be 510 to 517 and 1060 to 1077. The rest of 
the memory would remain unchanged. 

This feature of the loader can be used to combine (PATCH) 
object files of different source programs. 


Kamran Firooz 
December/197 4 
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, !i:program - na r »*.* s tnc use* to 
from 110U ro a OS-' 1 ) calculator, 
hy iilUU Nano Processor Assembler 
t ape -i. 1 -. f u ' i‘Uv > : 


Transfer : - " b in - ry Jilss 

T!io , '>h 1 cct tiles p-; a need 
nre f'.rst punched o paper 


* Hi!, ' , name 


TUo punched binary tape can then be read by this pregr.-m 
us in a pap tape reader and stored on cassette tapes. 

The files stored by this program a., comparable to tr.e 
produced by the 9830 Assembler, therefore, they can be 
loaded into a ROM-RAM Simulator using the 9830 Nano Processor 

loader program. 


Kainran F roo- 
December/19“ ' 
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GENERAL INFORaIATION 


Nano Processor support materials may be ordered 
from LID at no charge. The Nano Processor User's 
Guide may be obtained by asking for drawing number 
A-5955-0331-1. Also a limited quani ty of software 
material, ie 9830A EDITOR, ASSEMBLER, LOADER CASSETTE, 
and 2100 DOS III paper tape are available at no charge. 

Wh» ordering, soecify one of the following: 

9S30A NANO PROCESSOR SOFTWARE CASSETTE 
P/N 5061-076S 

2100 NANO PROCESSOR SOFTWARE PAPER TAPE 
P/N 5061-0769 

Th* sc materials are limited, and when the supply is 
exhausted no more will be available. You may be 
able to check around your division for others who 
have these software materials. 
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"DATA BUS APPLICATION HINTS" 


Data bus rise time equations where "Cd" is the total data bus capacitance 
external to the Nano Processor package. 

A. "A" Chips 

Rise time = 7.7 (Cq + 7)ns (Cp in pF) 

B. ”B" Chips 

Rise Time = 9.6 (Cq + 7)ns (Cp in pF) 

C. "C* Chips (>Oc v.cOCa.c.(t. 

Rise Time = 11.5(Cp +7)ns (Cp in pF) 

D. We will define data bus rise time as: r.t.^^. (to a 4.0 Volt level) 

E. A max. loading of one T 2 L input (1.6mA) is allowed. 

F. The data bus rise time is measured from the last data output low ("0") 

or from the last moment the ROM applies a zero on the data bus. It 

is therefore important to watch the time between TPA2 valid and TpGH 
(program gate) to be sure that the ROM does not glitch the data bus 

low just before a valid high ("1") is output by the ROM. It is reason¬ 

able to use maximum values of both TPA2 and TPGH at the same time. 

G. The equations for interrelating these parameters are: 

1. ClKt^r.t. (data) + Tjp + Tpv max. 

2. ClKx^min. spec. 

3. C1Kt^Tpa2 + Taa + Tip 

Note: Taa include r.t.(data) to 4.0 Volts 

4. ClKx^TpQj max.+ Tg^ + Tip 

Reasonable values to use for Tpy max. (not speced) arc: 

"A" Chip, 110ns; "B" Chips, 140ns; "C" Chips, 170ns. 

Other suggested Data Bus Pull-Up Methods. 


A. 


The most simple pull-up method for greater data bus speeds is to connect a 
10K resistor from each data bus to 12* or 9^ for "A" or "B" 6 "C" chips 
respectively. This is permissible providing that the circuits on the 
data bus have a maximum voltage rating of at least 7^0 volts. One LS 
input is assumed (0.36:nA). The principle of operation is that then N.P. 
output pull-up PETS will self-clamp the data bus to approximately 0.5 
Volts using 10.K ohm resistors. Design contnnts for lhis method are: 



V 
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"A" Chips: r.t.(data) = 2.4 (Cd + 7)ns 

"B" Chips: r.t.(data) = 3.6 (Cd + 7)ns 

"C" Chips: r.t.(data) = 3.9 (Co + 7)ns (Cp IN pF) 

B. A faster yet method which yields a lower clamp voltage (=5.5 Volts max.) 
uses 7.5K ohm resistors connected as in part A, but also connects clamp 
ing Schottky diodes between the data bus and the 5 volts supply. 

Design con^ants for this method are: 

"A" Chips: r.t.(data) = 2.2 (Cd + 7)ns 

"B" Chips: r.t.(data) =3.1 (Cd + 7)ns 

"C" Chips: r.t.(data) = 3.4 (Cd + 7)ns . (Cd in pF). 
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